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parallel. The pixels are then transferred to a digital to analog converter, preferably two pixels at a time, where each pixel is converted into
analog red, green and blue signals. An analog sample and hold module samples each analog signal for all of the pixels in a given row of
the display and stores the signals in first capacitors of a plurality of sample and hold capacitor pairs. The sample and hold capacitor pairs
allow analog signals to be sampled and held on a row by row basis such that when one
a subsequent row, the other capacitor transfers the analog voltage signal out for a current row to the column

green and blue voltages for
electrodes of the display.

ACTIVE MATRIX LCD DISPLAY
100

(1024 x R, G, B x 788)

capacitor in each pair stores one of the analog red,
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Display Module Driving System and

Digital to Analog Converter for Driving Display

5
CROSS-REFERENCE TO RELATED APPLICATION
Under 35 U.S.C. 119(e), this application claims the benefit of U.S. Provisional
Appilication No. 60/088,128, which was filed on June 4, 1998.
10 FIELD OF THE INVENTION

The invention is related to the field of drive systems for an active matrix (thin-
film transistor) liquid crystal display. More particularly, the invention relates to a
drive system which serially transfers segments of digital pixel data to multiple column

drivers over separate serial bus lines, wherein the column drivers arrange the segments

15 of digital plxel data in parallel, convert the segments into analog signals, and sample
the analog signals for driving column electrodes of an actlve matrix liquid crystal
display.

BACKGROUND OF THE INVENTION

With recent progress in various aspects of active matrix (thin-film transistor)

20 liquid crystal display technology, the proliferation of active matrix displays has been
spectacular in the past several years. In an active matrix display, there is a gate
comprised of one transistor or switch corresponding to each display cell in the matrix.
An active matrix display is operated by first applying select voltages to a row electrode
to activate the gates of that row of cells, and second applying appropriate analog data

25 voltages to the column electrodes to charge each cell in the selected row to a desued
voltage level.

Typically, active matrix liquid crystal displays include drive systems which
drive analog data voltages to the column electrodes using column drivers. Multiple
column drivers are used to support all of the rows in the display. For example, in a

30 matrix display having pixel dimensions of 1024 x 768, there are actually 3072 subpixels

or display cells per row (each pixel having a red subpixel, a green subpixel, and a blue
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subpixel). Accordingly, there may be up to eight column drivers needed for such a
display, with each column driver preferably supporting 384 subpixels or display celis.
Typically, each subpixel is represented by digital pixel data having a bit depth of six or
eight bits. Bit depth indicates the numbér of bits available per subpixel to control the’
brightness of the red, green or blue displayed for that subpixel. Pixel depth may vary
depending upon the drive system. Accordingly, in a conventional drive system, each
column driver is loaded with at least 2304 bits (6 bits per subpixel x 384 subpixels). Bits
are all loaded into the column drivers sequentially over a single parallel bus line, such
that each column driver is loaded one after the other.

Once all bits for 384 subpixels have been loaded into any one column driver, a
digital storage register is used to hold the digital pixel data until all eight column
drivers are loaded. After all eight column drivers have been loaded, the digital pixel
data for each subpixel is converted into an analog red, green or blue signal. This is
typically accomplished by using one digital to analog converter per subpixel in each
column driver. Accordingly, each column driver is required to have 384 digital to
analog converters. The converters may be eight bit or six bit converters depending
upon the bit depth of the drive system. Thus, this requires'é large number of digital to
anélog converters, with each converter occupying a significant amount of die space
depending upon whether it is a six bit or eight bit converter. Moreover, in a
conventional embodiment, the digital to analog converters are designed to all operate
at the same rate such that all RGB analog signals are produced for all 384 subpixels at
the same time. Accordingly, such designs are extremely difficult and highly expensive.

Once all column decoders have converted the digital pixel data for each
subpixel into RGB analog signals, the analog signals are typically passed through a
buffer in order to generate sufficient current for driving the column electrodes of an
active matrix liquid crystal display.

FIG. 1 illustrates a conventional active matrix liquid crystal display drive
system. Asshown, the conventional system includes an active matrix liquid crystal
display 100 haviﬁg a resolution of 1024 pixels x 768 pixels. The display is driven by
gate modules 180a through 180d and column drivers 160 through 160h. Due to spatial
limitations, FIG.1 only shows column drivers 160a, 160b, 160c and 160h; however, it is

2
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understood that in a conventional drive system for driving a display of resolution 1024
pixels x 768 pixels, eight column drivers are used, with each column driver supporting
384 subpixels or memory cells. As shown in FIG.1, a timing controller 110 is coupled to
each of the column drivers 160a through 160h through a parallel data bus line 150. The
timing controller 110 is also coupled to each of the gate modules 180a through 180d for
providing row voltages in order to activate the display cells in each row..

The timing controller 110 provides digitél display data, for an image to be
displayed, to the column drivers in the form of digital pixel data on a row by row
basis. The digital pixel datais provided in parallel using the parallel data bus line 150.
A master clock signal MCLOCK 112 is used to contro] the rate at which the digital pixel
data is transferred over the parallel data bus line 150. The timing controller 110
receives digital display data, for an image to be displayed, from some external source
one display row of information at a time and stores the information. The external
source may be a hard disk drive in a computer, a CD-Rom drive, a flash memory card
or some other appropriate external storage device. Alternatively, the external source
may be consist of an intranet or the internet. The digital display data is received as
digital pixel data. The timing controller 110 stores the digital pixel data in a memory
array (not shown) within the timing controller. The timing controller 110 then
transfers the digital pixel data out to the column drivers 160a through 160h, in parallel
using the parallel data bus line 150 and the master clock MCLOCK signal 112. As each
row of the image to be displayed is transferred out to the column drivers over the
parallel data bus line 150, a next row of digital pixel data is received and stored in the
internal memory of the timing controller 110.

Each pixel supports a red subpixel, a green subpixel and a blue subpixel. In
most video display applications, each pixel has a six or eight bit pixel depth. This
means that each red, green and blue subpixel requires six or eight bits, such that the
parallel data bus line 150 must be 36 or 48 bit lines wide. This is because the digital
pixel data is typically transferred over the parallel data bus line 150 two pixels at a time
- i.e. two pixels per MCLOCK pulse at a clock rate of 65 MHz for six bit pixel depth
applications. Accordingly, in the prior art drive system illustrated in FIG. 1, the

parallel data bus line 150 is shown as a thirty-six bit bus line, which transfers two

3
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eighteen bit pixels at a time (RO (5:0), GO (5:0), BO (5:0)) and (R1(5:0), G1(5:0), B1(5:0))
per MCLOCK signal pulse at a clock rate of 65 MHz. -
‘ Each of the column drivers 160a through 160h is coupled to the parallel data bus
line 150. In the prior art, the column drivers 160a through 160h are loaded with the
5 digital pixel data sequentially, receiving two pixels at a time. Accordingly, in the prior
art drive system of FIG. 1, the first column driver 160a is loaded with digital pixel data
from the controller 100 until all 384 subpixels have been loaded into the first column
driver 160a. A shift register or some other appropriate device is preferably used to 7
track the loading process. Once the first column driver 160a has been fully loaded, an
10  enable signal 165 is then activated from the first column driver 160a to the second
column driver 160b, thereby allowing the second column driver 160b to begin
downloading digital pixel data from the parallel data bus line 150. Again, the second
column driver 160b includes a shift register or some other appropriate device to track
the loading process. Once the second column driver 160b has loaded all 384 subpixels,
/5  its enable signal 165 is activated from the second column driver 160b to the third
column driver 160c, thereby allowing the third column driver 160c to begin
downloading digital pixel data from the paraliel data bus line 150. This process
continues until all of the column drivers have been loaded.
Once all of the column drivers 160a through 160h have been loaded. The
20  timing control sends a load signal 115 to each of the column drivers 160a through 160h
instructing them to begin converting the digital pixel data for each subpixel into analog
red, green or blue signals. The digital pixel data for each subpixel in the column
drivers 160a through 160h is then converted into an analog voltage. This'is
accomplished by loading each subpixel into a digital to analog converter. The load
25 signal 115 from the timing control instructs all of the column drivers to load each
subpixel into the digital to analog con-v”érter. Thus, each column driver 160a through
160h requires 384 different digital to analog converters in order to convert each
subpixel into a red, green or blue analog signal. Accordingly, in the prior art
embodiment illustrated in FIG. 1, each digital to analog converter must be a six bit
30 converter and the conversion of each subpixel from digital pixel data to an analog

signal occurs after all the column drivers have been loaded and the timing controller

4
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110 has sent the load signal 115. It is understood that although the embodiment
illustrated in FIG. 1 shows a six bit depth per subpixel, the prior art may also typically
use an eight bit pixel depth, thereby requiring 384 eight bit digital to analog converters
(ohe for each subpixel).

After the digital pixel data for each subpixel has been converted into an analog
signal, each of the analog red, green and blue signals are then passed through a buffer,
in order to generate sufficient current levels, and applied to the column electrodes on
an entire row basis. Thus, all red, green and blue analog signals for each subpixel in a

row are applied to the column electrodes at the same time so the entire row is

- displayed in synch. The entire process illustrated above is repeated on a row by row

basis until the entire image to be displayed has been transferred, converted, and
displayed.
FIG. 2 illustrates a functional block diagram of a conventional column driver

160. As shown, the conventional column driver 160 includes a data register 200, for

:loading the digital pixel data from the parallel data bus line 150, and a shift register 210

for keeping track of the loading process. The conventional column driver 160 also

. includes a separate hold register 220 for holding the 384 subpixel data once the

complete row data for that particular column driver has been loaded from the parallel

data bus line 150. In this-way, the conventional column driver 160 can continue to
sample digital pixel data for a next row in the display while it processes the 384
subpixel data received for the current row.

A Digital pixel data is loaded into the data register 200 of the column driver in
parallel 36 bits or two pixels at a time. The shift register 210 is preferably a 64 stage
shift register. Each time 36 bits or two pixels are loaded into the data register 200 of
the column driver, the shift register 210 increments one stage. Accordingly, as the first
36 bits or two pixels are loaded in parallel from the parallel data bus line 150, into the
data register 200, the shift register 210 increments one stage. As the next 36 bits or two
pixels are loaded in parallel into the data register 200, the shift register 210 increments
another stage. When all 128 pixels have been loaded into the data register 200, the shift
register 210 increments to a final 64th stage, thereby triggering the column driver 160a

to send an enable signal 165 to the next column driver 160b so that the next column
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driver 160b can begin downloading digital pixel data from the parallel data bus line
150. -
Once all 128 pixels have been loaded into the data register 200, the timing
controller 110 sends a load signal 115 to the hold register 220, and all 128 pixels are
transferred to the hold register 220, in parallel, for holding. In this way, once the last
column driver 160h has been fully loaded, the first column driver 160a can once again

begin downloading digital pixel data from the parallel bus line 150 into its data register

200.

A conventional column driver further includes 384 digital to analog converters

(one for each subpixel). Once all of the digital pixel data for each subpixel in the

complete row has been loaded into all the column drivers 160a through 160h, each six
bit subpixel (red, green and blue) is converted within each column driver 160a through
160h into an analog red, green or blue signal which ié then buffered and driven to the
column electrodes of the display. Accordingly, each column driver requirés 384 digital
to analog converters, one for each subpixel, and the converters may be six bit or eight
bit converters (depending upon the bit depth of the particular drive system involved).
After all of the digital pixel data in all column drivers have been converted into analog
signals, the analog red, green and blue signals are buffered in order to generate
sufficient current and driven to the column electrodes of the display.

Typically, one row of data is provided in 16 psec one pixel at a time at a pixel
rate of 65MHz or two pixels at a time at a pixel rate of 32.5 MHz. This 16 psec is
divided between the column drivers since each column driver receives digital pixel
data sequentially - i.e. after the previous column driver has received all of its digital
pixel data and the enable signal has been activated. Accordingly, as one can see, the
amount of time required to transfer the data to each column driver and convert the
data into analog voltages is limited. As active matrix displays become larger, the
implementation and performance of the drive system becomes increasingly difficult to
design. The number of column drivers is increased and the amount of time it takes for
data to be loaded into each column driver and converted to analog signals is
decreased, such that the drivers must perform faster as the number of pixels or display

resolution increases.

99683513A2_|_>
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Accordingly, what is needed is a more efficient system and method for driving
an active matrix liquid crystal display such that as the number of pixels or display -
resolution increases, the system and method continues to perform efficiently.

SUMMARY OF THE INVENTION

The invention is for an improved display module driving system having six
digital to analog converters per column driver instead of 384 digital to analog
converters. Moreover, unlike conventional drive systems, the improved display
module driving system does not use a parallel data bus line; but, rather transfers data
serially to each of the column drivers at the same time. This configuration reduces EMI
and current consumption and increases processing time allocated for each of the
column drivers to perform the digital to analog cohversion.

In one aspect of the invention, the driving system includes a controller which
serially provides digital display data to multiple column drivers via dedicated serial
bus lines rather than one parallel data bus line. The serial bus lines may be two or
three bit lines depending upon the number of bits used per RGB subpixel. By having
the digital pixel data transferred serially to each column driver over dedicated serial
bus lines, rather than transferring the pixel data in parallel over a single parallel bus
line, each column driver can receive and process the digital display data at the same
time, thereby allowing each column driver more time in which to process the parallel
pixel data.

Ina further aspect of the invention, the driving system includes multiple
column drivers for driving column electrodes of an active matrix liquid crystal display.
Each column driver receives digital pixel data serially over a dedicated bus line and
arranges the digital pixel data in parallel. Once the digital pixel data has been
arranged into parallel, each subpixel is converted into an analog signal at an earlier
stage of the column driver than in the prior art. The analog signals are then sampled
and held until all column drivers have converted their digital pixel data. Since the
conversion is done at an earlier stage, each column driver only requires six digital to
analog converters rather than 384 digital to analog converters.

In a further aspect of the invention, each column decoder comprises an analog

sample and hold module which includes six pairs of sample and hold capacitors and

7
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two different sets of switches. The analog signals are selectively sampled and used to
charge one of the capacitors in each of the six pairs of sample and hold capacitors. -
Meanwhile; the other capacitor in each of the six pairs of sample and hold capacitors is
discharged, with the voltage stored on the capacitor being transferred from the
discharging capacitor to a column electrode in order to drive the display. In this way,
the sample and hold capacitors alternately store and release the analog voltages which
are used to drive the column electrodes of the display, thereby allowing the column
decoder to perform at a higher speed.

DESCRIPTION OF THE DRAWINGS -

FIG. 1 illustrates a conventional prior art active matrix liquid crystal display
drive system;

FIG. 2 illustrates a functional block diagram of a conventional column driver;

FIG. 3 illustrates a functional block diagram for a display drive system in
accordance with the present invention;

FIG. 4 illustrates the serial transfer of digital pixel data from the timing
controller to each of the individual column drivers in the system of the present
invention;

FIG. 5 illustrates a functional block diagram for a preferred embodiment of a
controller used within a display drive system in accordance with the present invention;

FIG. 6 illustrates a functional block diagram for a preferred embodiment of a |
column driver used within a display drive system in accordance with the present
invention; and

FIG. 7 illustrates a schematic diagram showing the operations of a preferred
embodiment for a column driver used with a display driver system in accordance with
the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 3 illustrates a display drive system in accordance with the present
invention. An active matrix display is driven by‘- gate modules 380a through 380d and
column drivers 340a through 340h. Due to spatial limitations, FIG.3 only shows
column drivers 340a, 340b, 340c and 340h. However, it is understood that in'the drive

system of the present invention, in order to drive an active matrix display having a |

8
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resolution of 1024 pixels x 768 pixels, eight column drivers are used, with each column
driver supporting 384 subpixels or memory cells the rows of the active matrix display-

As shown in FIG.3, a timing controller 300 is coupled to the eight column
drivers 340a through 340h and four gate modules 380a through 380d. The gate
modules 380a through 380d provide row voltages to the active matrix display in order
to activate the display cells in each row of the display. The timing controller 300 stores
digital pixel data for the image to be displayed and provides the digital pixel data to
the column'drivers 340a through 340h. The digital data is preferably stored within a
pair of memory modules 310a and 310b within the timing controller 300.

The memory modules 310a and 310b are preferably each comprised of a matrix
of memory cells arranged into rows and columns. Digital pixel data for an image to be
displayed on the active matrix display are received by the urmng controller 300 from
an exterior source, such as a CD-Rom, a hard disk drive, or a modem connected to the

intranet/internet. The digital pixel data for the image to be displayed is preferably

~-stored in each of the memory modules 310a and 310b of the timing controller on a row

by row basis as it is received. Preferably, the timing controller stores a flrst row of

digital pixel data in one of the memory modules 310a or 310b, while a second row of

. digital pixel data is stored in the other memory module 310a or 310b. In this way,
-when the digital pixel data are read from one memory module 310a or 310b, digital

pixel data for a next row in the image to be displayed can be loaded into the other
memory module 310a or 310b such that the two memory modules 310a and 310b are
alternatively read from and written to until all of the digital pixel data for each of the
rows of the image to be displayed have been processed and displayed. Alternatively,
the timing controller may utilize any other suitable memory device for temporary
storage of separate rows of digital pixel data, such that while one row is being stored in
the memory device another rows is being read from the memory device and processed
for display.

The timing controller 300 provides the digital pixel data to multiple column
drivers 340a through 340h for driving the column eléctrodes of an active matrix liquid
crystal display. Unlike conventional display driving systems, the timing controller 300

of the present invention is coupled to each of the multiple column drivers 340a through

9
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340h by multiple dedicated bus lines 325a through 325h, with one dedicated bus line
per column driver. Preferably, each dedicated bus line 325a through 325h is a three bit
bus line. Alternatively, each dedicated bus line may be a two bit bus line.

' In operation, digital pixel data for an entire row are retrieved by the timing
controller 300, from a memory in the timing controller 300, on a parallel basis for each
of the column drivers 340a through 340h. The digital pixel data is then divided into
eight parallel segments, with one parallel segment for each column driver 340a
through 340h. The digital pixel data in each parallel segment is then converted into
serial and transferred to the column drivers 340a through 340h through the dedicated
bus lines 325a through 325h. Accordingly, the complete digital pixel data for a single
row in the image to be displayed is transferred to each of the column drivers 340a
through 340h concurrently, such that any one column driver receives its individual
segment of serial digital pixel data at the same time each of the other column drivers
receives their individual segment of serial digital pixel data. Accordingly, each column
driver 340a through 340h is able to begin processing its segment of serial digital pixel
data without having to wait for digital pixel data to be transferred to each of the other . -
column drivers. Therefore, unlike conventional column drivers, the column drivers
340a through 340h of the present invention do not require an enable signal before they
are loaded.

More specifically, the digital pixel data for display across a first row of an active
matrix liquid crystal display is retrieved from the memory of the timing controller 300
and divided or broken into segments. Preferably, each segment is 128 pixels in length
or 384 RGB subpixels. Each segment of digital pixel data is then serially transferred to
a corresponding column driver 340a through 340h over the appropriate corresponding

dedicated bus line 325a through 325h. Thus, digital pixel data from a first segment is

. serially transferred to column driver 340a over dedicated bus line 325a; while, at the

same time, digital pixel data from a last segment is transferred to column driver 340h
over dedicated bus line 325h. In this way, the digital pixel data is transferred to each
column driver serially such that each column driver receives the digital pixel data
which corresponds with its segment of the row, without having to wait for the

previous column drivers to receive their respective segments.

10
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FIG. 4 further illustrates the concept of how digital pixel data is transferred from
the timing controller 300 to each of the individual column drivers 340a through 340h. -
FIG. 4 shows a stream of digital pixel data 400 which represents a row in the active
matrix liquid crystal display 100. The complete digital pixel data is actually made up
of 1024 pixels which is comprised of 18,432 bits, with each pixel in the row having a red
subpixel of six bits in length, a green subpixel of six bits in length, and a blue subpixel
of six bits in length. However, for simplicity sake in understanding the basic
operations of the present invention, the dlgltal pixel data shown is made up of blocks
with each block representing a pixel. The total number of pixels is not the same and is
reduced for purposes of illustration.

As shown, in FIG. 4, the complete row of parallel digital pixel data is divided up
into eight sections 410a through 410h (one section for each column driver 340a through
340h). - A first section 410a of the complete row of parallel digital pixel data is to be

transferred to column driver 340a, a second section 410b of the complete row of

- parallel digital pixel data is to be transferred to column driver 340b, etc. However,

before the sections 410a through 410h are transferred to their respective column

drivers, they are each converted into a segment of serial digital pixel data, one pixel at

.-a time. The process of converting the sections from parallel digital pixel data to serial

digital pixel data progresses sequentially through all 128 pixels corresponding with the
column driver.

Accordingly, the first section of parallel digital pixel data 410a is converted into
a segment of serial digital pixel data one pixel at a time until all 28 pixels have been
converted. The segment of serial pixel data is then transferred serially ovef the
dedicated bus line 325a to the first column driver 340a. For a six bit pixel depth design
(Wherein each subpixel is represented by six bits), the dedicated bus line 325a is
preferably two bits wide, such that two pixels may be serially transmitted over the
dedicated bus line 325 two bits at a time (one.bit over each bitline) for each MCLOCK
pulse. Accordingly, all bits for the red subpixels, the green subpixels and the blue
subpixels in two pixels are serially transmitted over the two bit lines within 18
MCLOCK pulses. The 128 pixels of data sent to a single column driver will require
1152 clock cycles at one bit per line per clock cycle for a clock rate of 65MHz.

11
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In an alternative embodiment for an eight bit pixel depth design (wherein each
subpixel is represented by eight bits), each dedicated bus line is three bit lines wide, -
such that three bits are transmitted at the same time (one over each bit line) for each
MCLOCK pulse. Accordingly, in this alternative embodiment, all bits for the red
subpixel, the green subpixel and the blue subpixel are serially transmitted over the
three bit lines within 16 MCLOCK pulses. The 128 pixels of data sent to a single
column driver will require 1024 clock cycles at one bit per line per clock cycle for a
clock rate of 65MHz. Alternately, the digital pixel data may be sent at haif the clock
rate and sampled on both rising and falling edges of the clock pulse.

A second section of parallel digital pixel data 410b is converted into a segment
of serial digital pixel data one pixel at time until all 128 pixels have been converted.
The segment of serial pixel data is then transferred over dedicated bus line 325b to the
second column driver 340b, preferably two pixels at a time. Once agaiﬁ, in the
preferred embodiment for a six bit pixel depth (wherein each subpixel is represented
by six bits), the dedicated bus line 325b is preferably two bits wide, such that all bits for
the red subpixels, the green subpixels and the blue subpixéls in two pixels are serially
transmitted over the two bit lines within 18 MCLOCK pulses.

The process is the same for all eight sections 410a through 410h of the complete

‘row of parallel digital pixel data. All eight sections 410a through 410h are converted

into segments of serial digital pixel data, which are then transferred to the appropriate

. column driver 340a through 340h, over a corresponding dedicated bus line 325a

through 325h. It is understood that alternative embodiments may exist in the transfer
of the segments of serial digital pixel data from the timing controller 300 to the column
drivers 340a through 340h so long as the parallel digital pixel data is divided up into
sections, the sections are arranged in serial segments of digital pixel data, and the
segments of digital pixel data are transmitted over the dedicated bus lines 325a
through 325h.

FIG. 5 illustrates a preferred embodiment for a timing controller 200 used within
a display drive system in accordance with the present invention. As shown the '
controller 200 includes a driver and gate timing control circuit 500, a data path control

circuit 510, two separate memory modules 520a and 520b and a parallel to serial
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converter 525. In a preferred embodiment, the two Separate memory modules are able
to hold 1b24 digital pixel data having six bit red, green and blue subpixels, such that -
each memory can store 18432 bits of digital pixel data (1024 pixels x 3 subpixels x 6 bits
per subpixel). In an alternative embodiment, each of the two separate memory
modules are able to hold 1024 pixels of digital pixel data having eight bit red, green
and blue subpixels, such that each memory can store 24576 bits of digital data (1024
pixels x 3 subpixels x 8 bits per subpixel). Each memory is preferably matrix of
memory cells arranged in rows and columns. Altemaﬁvely, any other appropriate
temporary data storage means may be used as memory

Digital pixel data is read in through the six bit RGB signal lines from an external
source, such as a CD-Rom and stored in the two separate memory modules 525a and
525b on a row-by-row basis. Accordingly, digital pixel data for a first row of a 1024
pixel image is stored in the first memory. As that data is read out into the column

drivers, digital pixel data for a second row of a 1024 pixel image is stored in the second

-memory. When all of the data from the first memory has been transferred to the

column drivers, the second memory begins transferring the d1g1ta1 pixel data for the

second row out to the column decoders while the first memory stores the data for the

~third row of the image. This way, while one memory is reading out data to the column

drivers, the other memory is receiving in data from the external source, such as a CD-
Rom. The data path control circuit 510 controls which memory receives the input
digital image data from the external source and which memory reads out digital pixel
data to the column drivers.

In the present invention, the controller 200 includes a parallel so serial data
converter 525. Unlike convention controllers, the digital pixel data is provided serially
to each of the column drivers 340a through 340h, over dedicated bus lines 325a -
through 325h rather than a parallel data bus line. The parallel to serial data converter
525 retrieves data from the memory in parallel and divides the data into segments,
wherein the number of segments is equal to the number of column drivers. Each
segment is then converted into serial data and transferred to the appropriate column

driver via the corresponding dedicated bus line.

13

9963513A2_|_>



10

15

20

23

30

BNSDOCID: <WO______ |

WO 99/63513 PCT/US99/12653

FIG. 6 illustrates a preferred embodiment for a column driver 340a used within
a display drive system in accordance with the present invention. As shown, the -
column driver 340a includes a frequency divider 610 which is coupled to a shift
register 630, which is further coupled to an analog sample and hold module 640. The
column driver 340a further includes a serial to parallel converter 620 which is coupled
between the frequency divider 610 and a digital to analog converter module 625. The
digital to analog converter module 625 is comprised of six individual digital to analog
converters 635a through 635f. The digital to analog converter module 625 is also
coupled to the analog sample and hold module 640. Finally, the column driver
includes a buffer 650 which is coupled to the analog sample and hold module.

In operation, the column driver 340a receives the segments of serial digital pixel
data at the serial to parallel converter 620 and converts the digital pixel data from serial
format into parallel, such that each subpixel (red, green and blue) is rearranged into six
parallel bits. Preferably, the parallel digital pixel data is then fed into the digital to
analog converter module 625 two pixels at a time over a thirty six bit bus line, such that
each of the six digital to analog converters 635a through 635f receives one six bit
subpixel.

As explained above, the digital to analog converter module 625 is preferably
comprised of six individual digital to analog converters 635a through 635f, with each
individual digital to analog converter 635a through 635f configured for converting a
six bit subpixel from digital pixel data into an analog signal. The digital to analog
converter module 625 preferably has at least sixteen different reference voltages.
Therefore, each six bit subpixel is converted into one of the at least sixteen different
reference voltages. Accordingly, there are two pixels input to the digital to analog
converter 625 and six analog signals are output, one analog signal for each six bit red,
green and blue subpixel in the two pixels.

In an alternative embodiment, the digital pixel data may be transferred to the
digital to analog converter module 625 more than two pixels at a time. In this
alternative embodiment, the digital to analog converter module 625 would require
more than six individual digital to analog converters 635a through 635f For example,

the digital to analog converter 625 may receive the digital pixel data four pixels at a
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time over a 72 bitline bus. However, unlike the prior art, in the present invention it is
not required that all subpixels be converted at the same time and, accordingly, 384 -
digital to analog converters are not needed. Moreover, it is understood that the
number of references voltages may be varied and alternate embodiments having more

or less reference voltages are intended to be covered herein.

W

Preferably, six analog signals are output from the digital to analog converter
module 625 after every two pixels are converted, one analog signal for each digital to
analog converter 635a through 635h. The analog signals are output over a six line bus
which is sampled by the sample and hold module 640. The frequency divider 610 and

10 the shift register 630 control the sampling rate of the sample and hold module 640.
Preferably, the shift register 630 is preferably a 64 stage shift register, wherein six
analog signals (one for each subpixel in two pixels) are sampled at each stage.
Accordingly; as the digital to analog converter module 625 converts the digital pixel
data, two pixels at a time, it outputs six analog signals which are then sampled as the

15 - shift register cycles through each of its 64 stages. Therefore, by the time the shift
register 630 has cycled through to its sixty-fourth stage, all 384 different analog signals
(one for each subpixel) have been sampled. Iﬁ this way, after cycling through all 64

_stages, three different red, green and blue analog signals for each of the 128 pixels have
been completely sampled by each column driver. The sample and hold circuit

20 preferably uses a dual capacitor arrangement such that the analog signals for each of
the two pixels can be sampled and stored in each of the capacitors alternanvely

FIG. 7 illustrates a schematic diagram showing the operations of a preferred
embodiment for a column driver used with a display driver system in accordance with
the present invention. Each column driver includes 64 stages, wherein there are six

25 analog signals output from each stage. For simplicity of understandmg and due to
spatial constraints, only the first three stages 702a through 702¢ have been shown in
FIG. 7. However, as is shown in the diagram of FIG. 7, and explained further below,
the stages 702b and 702c are identical in structure and performance. Moreover, the
other 61 stages which are not depicted in FIG. 7 are also share the same structure and

30 performance as those shown in stages 702b and 702¢ of FIG. 7. Accordingly, it is not
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necessary to show all 64 stages in order to understand the operations of a column
driver designed in accordance with the presenf invention. -

Referring to FIG. 7, each stage 702a through 702c contains a flip flop 710 having
a data input D and two outputs Q and QN. Preferably, the flip flop 710 is used as a
latch having a clock signal input which activates the latch whenever the clock signal is
active. The clock signal is actually the sampling clock signal 660 which is output from
the frequency divider 610 in the column driver, as shown in FIG. 6. In the preferred
embodiment, each flip flop 710 is activated when the sampling clock signal 660
transitions from low to high. The flip flops 710 are each used to activate their
corresponding stage 702a through 702c, such that the first ﬂip flop 710a activates stage
702a, the second flip flop 710b activates stage 702b, and so on. Operations of the flip
flops 710 are described in further detail herein.

Each sfage further contains a first set of six switches 780 (indicated as 780a
through 780c and surrounded by broken lines in FIG. 7) and six pairs of analog sample
and hold capacitors. The six pairs of analog sample and hold capacitors are each
comprised of a first capacitor and a second capacitor, with the anodes of the first
capacitor in each pair being coupled to a respective switch terminal A, and the anodes
of the second capacitor in each pair being coupled to a respective switch terminal B.
The cathodes of both capacitors in each pair of the six pairs of analog sample and hold
capacitors are coupled to a ground signal.

The flips flops 710 are all coupled to the sampling clock signal 660 which is
output from the frequency divider 610 (FIG. 6). The data input D to the first flip flop
7105 in each column driver is coupled to the enable signal from the timing controller
200 (Fig. 5) . The data input D of each subsequent flip flop in the other 63 stages is
coupled to the output Q from the previous flip-flop. This configuration embodies the
shift register 630 of the column driver. '

In referring to FIG. 7, it should be readily understood how the shift register 630
operates and cycles through 64 stages. When the enable signal and the sampling clock
signal are both active, the first stage flip flop 710a latches the enable signal through to
its output Q. Since the output Q from the first stage flip flop 710a is coupled to the
data input D of the second stage flip flop 710b, the next time the sampling clock signal
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P

and the enable signal are both active, the second stage flip flop 710b latches the enable
signal thrdugh to its output Q. Once again, since the output Q from the second stage -
flip flop 710b is coupled to the data input D of the third stage flip flop 710c, the next
time the sampling clock and the enable signal are both active, the enable signal is
latched through the third stage flip flop to its output Q. This process repeats through
64 stages until the enable signal has been latched throu gh all 64 flip flops.

The outputs Q from each of the 64 flip flops are also coupled to first inputs A of
a pair of AND gates 750a and 750b. The inputs B of both AND gates 750a and 750b are
coupled to a load signal, with one of the inputs B on one of the AND gates 750b being

-inverted. It is understood in referring to FIG. 7 that this configuration ensures that the

outputs from the AND gates 750a and 750b alternate, such that when the output from
one AND gate 750a is high, the output from the other AND gate 750b is low. The
outputs from both AND gates 750a and 750b are coupled to each of the six switches in
the first set of switches 780a through 780c, and are used to alternately activate the
switches. For example, when the output from one AND gate 750a goes high, the
switches are activated to a first position and when the output from the other AND gate
750b goes high, the switches are activated to a second position, thereby causing all six
switches in the first set of switches 780a through 780c to alternate back and forth
between first and second positions as the outputs from the two AND gates 750a and
750b alternate.

FIG. 8 shows a close-up view of the first stage 702a and further illustrates the
operations of the first set of switches 780a and the second set of switches 790a. It is
understood that the first set of switches 780a and the second set of switches 790a are
identical in configuration in each stage, accordingly, the switches operate the same way
in each stage. It is further understood that the first set of switches 780a in each stage
only operate when the output Q from the flip flop is valid for that stage.

As shown in FIG. 8, each stage contains six switches in a first set of switches
780a and six switches in a second set of switches. An end terminal C of each switch in
the first set of switches 780a is coupled to one of six analog signal lines (a0 through a5)
which are output from the digital to analog converter 625 (FIG. 6). The analog signals

(a0 through a5) represent the analog voltage for each of the subpixels in two separate
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pixels. Each switch in the first set of switches 780a also has a first terminal A and a
second terminal B such that when the switch is in a first position, the end terminal C is
couple to the first terminal A, and when the switch is a second position, the end
terminal C is coupled to the second terminal B. The first terminal A is coupled to an
anode of a first capacitor in a corresponding pair of capacitors from the six pairs of
capacitors. The terminal B of each switch is coupled to the anode of the second
capacitor in the corresponding pair of capacitors from the six pairs of capacitors.

The first set of switches 780a are used to couple one of the analog signal lines (a0
through a5) to one of the capacitors in a corresponding capacitor pair from the six pairs
of capacitors, in order to store the analog voltage level from the analog signal line (a0
through a5) for that subpixel onto one of the capacitors. Voltages are alternately stored
for each subsequent row, such that when each switch in the first set of switches 780a is
in the first position, the voltage level for the corresponding subpixels in a particular
row are stored on the first capacitors in each of the six capacitor pairs and when each
switch in the first set of switches 780a is in the second position, the voltage level for the
corresponding subpixels in a subsequent row are each stored on the second capacitors
in the six capacitor pairs.

Further, as shown in FIG. 8, a second set of six switches 790a are present in each
of the 64 stages and are used to alternately transfer the voltages out from the sample
and hold capacitor pairs one row at a time. The voltages stored on each of the
capacitors in the six capacitor pairs are alternately transferred through the outputs of
the analog sample and hold module 640 to the buffer 650. Each switch in the second
set of six switches 790a is coupled to the load signal, which activates the switch. The
load signal alternates polarity as each new row of digital pixel data is to be displayed
in order to trigger operation of the six switches in the second set of switches 790a.
Again, each switch in the second set of switches 790a alternates between switch
terminals A and B. Additionally, each switch in the second set of switches 790a
includes an end terminal G which is coupled to one of the 384 outputs of the analog -
sample and hold module 640. Each stage outputs 6 analog voltages to the column
electrodes of the display. There are 64 stages and, accordingly, there are 384 output -
signals.
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In operation, the second set of switches 790a are arranged to switch in the
opposite direction from the first set of switches 780a, such that when each switch in -
the second set of switches 790a is in a first position, the switch terminal B is coupled to
the end terminal G and when each switch is in a second position, the switch terminal A
is coupled to the end terminal G. The second set of switches 790a through 790c are
alternately switched back and forth between terminals A and B in order to alternately
transfer the voltages stored on each of the capacitors out to the column electrodes on a
row by row basis.

Accordingly, to summarize the operation of the first and second sets of switches
780a and 790a, when each stage is activated by the Q output from its corresponding
flip flop 710, each switch in the first set of switches 780a transitions from one position
to another in order to alternately store the analog signals (a0 through a5) on each of the
capacitors in the six capacitor pairs. Accordingly, if each switch in the first set of
switches 780a transitions to a first position, the first capacitor in each capacitor pair is
connected to one of the analog voltage signal lines (a0 through a5) through terminal C
such that the corresponding voltage is then stored on the first capacitor through switch
terminals C and A. At the same time, each switch in the second set of switches 790a
also transitions in order to alternately transfer the stored voltages out to a buffer 650 in
order to drive the column electrodes. Therefore, using the same example provided
earlier in describing the operation of the first set of switches 780a, when the first set of
switches 780a are each in a first position, each switch in the second set of switches 790a
is also in a first position such that the second capacitor in each capacitor pair is
connected to the buffer 650 through terminal G such that the voltage which was
previously stored on that second capacitor is driven through switch terminals B and G
to the buffer. Therefore, the analog voltages from the voltage signal lines (a0 through
a5) are alternately stored and transferred, such that while one capacitor in the pair is
storing the appropriate voltage level for the subpixel in a subsequent or next row, the
other is providing a previously stored voltage level for the subpixel in the current row
to the buffer in order to drive the column electrodes.

Finally, the 384 outputs from each of the six capacitor pairs in all 64 stages of the

analog sample and hold module 640 are each coupled to an individual buffer within
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. -

the buffer module 650. The individual buffers receive the analog voltage levels from
the capacitors through the second set of switches and generate sufficient current levels
in order to drive the column electrodes-of the display.

While the present invention has been described in terms of six and eight bit
pixel depth, it is understood that the invention is not intended to be limited to the same

and may be utilized in alternate designs having greater or smaller pixel depth.

- Moreover, although the invention has been described in terms of driving a display

having a resolution of 1024 pixels x 768 pixels, it is understood that the invention is not

intended to be limited to such a display resolution; but, rather, is intended for future

- implementation in larger scale displays, Insuch a case, additional column drivers

designed in conformity with the specifics details and embodiments set forth herein

may be utilized. Because all column drivers receive their segment of the digital pixel
data for the row to be displayed at the same time, the number of column drivers and
the size of the display may be increased more easily than that which was available in

prior art drive system designs.
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- CLAIMS

What is claimed is:

1. A display drive system comprising:

a plurality of column drivers; and

5 a timing controller coupled to each column driver in the plurality of
column drivers, for providing a row of digital pixel data to the
plurality of column drivers, wherein the digital pixel data is
divided into segments and each segment is serially provided to
one of the column drivers in the plurality of column drivers via a

10 : dedicated serial bus coupled between the tmung controller and the

column driver such that the entire row of digital pixel data is

provided to the plurality of column drivers at the same time.

2. The display drive system of claim 1, wherein each column driver in the
plurality of column drivers comprises a serial to parallel converter which receives the
15 serially provided segment of digital pixel data and rearranges the segment into parallel
pixel data until all of the pixels in the segment have been received and arranged into

parallel.

3. The display drive system of claim 2, wherein each column driver in the
plurality of column drivers further comprises a digital to analog converter module
20  coupled to the serial to parallel converter, for converting each pixel in the parallel pixel

data into analog red, green and blue signals.

4, The display drive system of claim 3 wherein the digital to analog
converter module converters the parallel pixel data into analog red, green and blue
25  signals two pixels at a time, such that there are six digital to analog converters within
the digital to analog converter module, with a first digital to analog converter

generating an analog red signal for a first pixel, a second digital to analog converter
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generating an analog green signal for the first pixel, a third digital to analog converter
generating an analog blue signal for the first pixel, a fourth digital to analog converter
generating an analog red signal for a second pixel, a fifth digital to analog converter
génerating an analog green sigljal for the second pixel, and a sixth digital to analog

converter generating an analog blue signal for the second pixel.

5. The display drive system of claim 3, wherein each column driver in the
plurality of column drivers further comprises an analog sample and hold module
coupled to the digital to analog converter module for sampling the analog red, green
and blue signals for each pixel in the parallel pixel data, one group of pixels at a time.

6. The display driver system of claim 5, wherein the analog sample and
hold module samples the analog red, green and blue signals of each pixel in the
parallel pixel data, two pixels at a time such that a total of six analog signals are

sampled at the same time.

7.  The display driver system of claim 5, wherein the analog sample and
hold module includes a plurality of first capacitors, one first capacitor for sampling

each red, green and blue signal for each pixel in the group of pixels.

8. The display driver system of claim 5, wherein the analog sample and
hold circuit includes a plurality of first and second capacitor pairs, each first capacitor
for sampling the red, green and blue signal for each pixel in the group of pixels from
parallel pixel data for a first display row, each second capacitor for sampling the
analog red, green and blue signals for each pixel in the group of pixels from parallel

pixel data in a next display row.

9. The display driver system of claim 8, with each first capacitor providing

the sampled analog red, green and blue signals to a plurality of column electrodes
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while each second capacitor samples the analog red, green and blue signals for each

pixel in the group of pixels from parallel pixél data in the next display row. -

10. A system for driving a display comprising:

a timing controller for receiving digital pixel data, dividing the digital
5 pixel data into a plurality of segmen\ts of digital pixel data and
serially providing the plurality of segments to a plurality of
column drivers; and '
a plurality of column drivers, each column driver coupled to the timing
controller via a separate bus line, wherein each column driver
10 receives a particular segment in the plurality of segments via the
separate bus line, and further wherein each column driver
switches the serially provided segment of digital pixel data into
parallel digital pixel data, converts the parallel digital pixel data
into analog signals, and provides the analog signals to a plurality

15 of column electrodes for driving the display.

11.  The system of claim 10, wherein the timing controller comprises:

a pair of first and second memory modules for receiving and storing the

digital pixel data, wherein a first row of digital pixel data is stored
20 _ in the first memory module and a second row of digital pixel data
is stored the second memory module;

a data path control circuit coupled to the pair of first and second memory
modaules for routing the first row of digital pixel data to the first
memory module and routing the second row of digital pixel data

25 to the second memory module; and

a parallel to serial converter coupled to the pair of first and second
memory modules for retrieving the first row of digital pixel data
from the first memory module in a parallel format, dividing the

digital pixel data into a plurality of segments, converting each
23
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segment from parallel format into serial format, and providing
each segment in the plufality of segments to a corresponding -
column driver in the plurality of column drivers via the separate

bus line.

12.  The system of claim 11, wherein an enable signal is coupled between the
timing controller and each column driver in the plurality of column drivers and is used
to activate each column driver, thereby allowing the plurality of column drivers to

receive their respective segments at the same time.

13.  The system of claim 10, wherein each column driver in the plurality of

column drivers comprises:

a serial to parallel converter for receiving the segment of gerially
formatted digital pixel data over the separate bus line and
converting the segment into a parallel format one pixel at a time;

a digital to analog converter coupled to the sérial to parallel converter for
converting each pixel in the parallel formatted segment of digital
pixel data into analog red, green and blue signals;

an analog sample and hold module coupled between the digital to analog
converter and the plurality of column electrodes for sampling the

-analog red, green and blue signals of each pixel, storing the
sampled analog red, green and blue signals, and releasing the
samples of the analog red, green and blue signals to the plurality

of column electrodes for driving the display.

14.  The system of claim 13 wherein the digital to analog converter module
converters each pixel in the parallel formatted segment of digital pixel data into analog
red, green and blue signals two pixels at a time, such that there are at least six digital to
analog converters within the digital to analog converter module, with a first digital to
analog converter generating an analog red signal for a first pixel, a second digital to

analog converter generating an analog green signal for the first pixel, a third digital to
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analog converter generating an analog blue signal for the first pixel, a fourth digital to
analog converter generating an analog red signal for a second pixel, a fifth digital to -
analog converter generating an analog green signal for the second pixel, and a sixth

digital to analog converter generating an analog blue signal for the second pixel.

15. The system of claim 13, wherein the analog sample and hold module
samples the analog red, green and blue signals of each pixel, two pixels at a time such

that a total of six analog signals are sampled at the same time.

16.  The system of claim 13, wherein the analog sample and hold module
includes a plurality of sample and hold capacitor pairs having a first capacitor and a
second capacitor, and further wherein the first capacitor and the second capacitor in
each analog sample and hold module alternately store and release the samples of the

analog red, green and blue signals.

17. A timing controller for controlling a plurality of column drivers which
are each coupled to the timing controller via a separate bus line, in order to drive a

display, the timing controller comprising:

a pair of first and second memory modules for receiving and storing
digital pixel data, wherein a first row of digital pixel data is stored
in the first memory module and a second row of digital pixel data
is stored the second memory module;

a parallel to serial converter for retrieving the first row of digital pixel
data from the first memory module in a parallel format, dividing
the digital pixel data into segments, converting each segmeﬁt from
parallel format into serial format, and providing each segment of
the serially formatted first row of digital pixel data to a
corresponding column driver in the plurality of column drivers

via the separate bus line.
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18. A column driver for driving a plurality of column electrodes of a display,

comprising;: -

a serial to parallel converter for serially receiving digital pixel data

representing a segment of a display row and converting the digital
5 pixel data into a parallel format;

a digital to analog converter coupled to the serial to parallel converter for
receiving the parallel formatted digital pixel data and converting
the parallel formatted digital pixel data into analog signals;

an analog sample and hold circuit for sampling the analog signals,

10 storing the samples and providing the samples of the analog

signals to a plurality of column electrodes for driving the display.

19.  The column driver of claim 18, wherein the analog sample and hold
circuit includes a plurality of capacitor pairs having a first capacitor and a second
capacitor such that each capacitor may alternately store the analog signal samples and

15  provide the samples to the column electrodes.

20. A method for driving a display comprising the steps of

receiving a current row of digital pixél data and storing the current row
of digital pixel data in a first memory module;
retrieving the current row of digital pixel data in parallel format from the
20 . first memory module, dividing the current row of digital pixel
data into a number of current row segments, converting each
current row segment into a current row serial data stream; and
providing each current row serial data stream to a corresponding column
driver in a plurality of column drivers, wherein each current row
25 serial data stream is provided to a corresponding column driver

via a dedicated bus line.
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The method of claim 20, further comprising the steps of:

receiving each current row serial data stream at the corresponding
column driver and converting the current row serial data stream
into current row parallel digital data one pixel at a time;

converting the current row parallel digital data into current row analog
red, green and blue signals;

sampling the current row analog red, green and blue signals and holding
the samples; and '

providing the samples to a plurality of column electrodes for driving the

display.

The method of claim 20, comprising the further steps of:

receiving a next row of digital pixel data and storing the next row of
digital pixel data in a second memory module, and performing
this step while the steps of retrieving the current row of digital
pixel data from the first memory module and providing each
current row serial data sfream are being performed;

retrieving the next row of digital pixel data in parallel from the second
memory module, dividing the next row of digital pixel data into a
number of next row segments, converting each next row segment
into a next row serial data stream; and

providing each next row serial data stream to a corresponding column
driver in the plurality of column drivers, wherein each next row
serial data stream is provided to a corresponding column driver

via a dedicated bus line.
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23.  The method of claim 22, further comprising the steps of:

receiving each next row serial data stream at the corresponding column -
| driver and converting the next row serial data stream into parallel
digital data one pixel at a time; |
5 converting the parallel digital data into analog red, green and blue

signals;

sampling the analog red, green and blue signals and holding the samples;
and )

providing the samples to the plurality of column electrodes for driving

10 - the display.
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Display Module Driving System and

Digital to Analog Converter for Driving Display

CROSS-REFERENCE TO RELATED APPLICATION
Under 35 US.C. 119(e), this application claims the benefit of U.S. Provisional
Application No. 60/088,128, which was filed on June 4, 1998.
‘ FIELD OF THE INVENTION

The invention is related to the field of drive systems for an active matrix (thin-
film transistor) liquid crystal display. More particularly, the invention relates to a
drive system which serially transfers segments of digital pixel data to multiple column
drivers over separate serial bus lines, wherein the column drivers arrange the segments
of digital pixel data in parallei, convert the segments into analog signals, and sample
the analog signals for driving column electrodes of an active matrix liquid crystal
display. |

BACKGROUND OF THE INVENTION

With recent progress in various aspects of active matrix (thin-film transistor)
liquid crystal display technology, the proliferation of active matrix displays has been
spectacular in the past several years. In an active matrix display, there is'a gate
comprised of one transistor or switch corresponding to each display cell in the matrix. :
An active matrix display is operated by first applying select voltages to a row electrode
to activate the gates of that row of cells, and second applying appropriate analog data
voltages to the column electrodes to charge each cell in the selected row to a desired
voltage level.

Typically, active matrix liquid crystal displays include drive systems which
drive analog data voltages to the column electrodes, using column drivers. Multiple
column drivers are used to support all of the rows in the display. For example, in a
matrix display having pixel dimensions of 1024 x 768, there are actually 3072 subpixels

or display cells per row (each pixel having a red subpixel, a green subpixel, and a blue
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subpixel). Accordingly, there may be up to eight column drivers needed for such a
display, with each column driver preferably supporting 384 subpixels or display cells.
Typically, each subpixel is represented by digital pixel data having a bit depth of six or
eight bits. Bit depth indicates the number of bits available per subpixel to control the '
brightness of the red, green or blue displayed for that subpixel. Pixel depth may vary
depending upon the drive system. Accordingly, in a conventional drive system, each
column driver is loaded with at least 2304 bits (6 bits per subpixel x 384 subpixels). Bits
are all loaded into the column drivers sequentially over a single parallel bus line, such
that each column driver is loaded one after the other.

Once all bits for 384 subpixels have been loaded into any one column driver, a
digital storage register is used to hold the digital pixel data until all eight column
drivers are loaded. After all eight column drivers have been loaded, the digital pixel
data for each subpixel is converted into an analog red, green or blue signal. This is
typically accomplished by using one digital to analog converter per subpixel in each
column driver. Accordingly, each column driver is required to have 384 digital to
analog converters. The converters may be eight bit or six bit converters depending
upon the bit depth of the drive system. Thus, this requires a large number of digital to
analog converters, with each converter occupying a significant amount of die space
depending upon whether it is a six bit or eight bit converter. Moreover, in a
conventional embodiment, the digital to analog converters are designed to all operate
at the same rate such that all RGB analog signals are produced for all 384 subpixels at
the same time. Accordingly, such designs are extremely difficult and highly expensive.

Once all column decoders have converted the digital pixel data for each -
subpixel into RGB analog signals, the-analog signals are typically passed through a
buffer in order to generate sufficient current for driving the column electrodes of an
active matrix liquid crystal display.

FIG. 1 illustrates a conventional active matrix liquid crystal display drive
system. As shown, the conventional system includes an active matrix liquid crystal
display 100 having a resolution of 1024 pixels x 768 pixels. The display is driven by
gate modules 180a through 180d and column drivers 160 through 160h. Due to spatial
limitations, FIG.1 only shows column drivers 160a, 160b, 160c and 160h; however, it is

2
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understood that in a conventional drive system for driving a display of resolution 1024
pixels x 768 pixels, eight column drivers are used, with each column driver supporting
384 subpixels or memory cells. As shown in FIG.1, a timing controller 110 is coupled to
each of the column drivers 160a through 160h through a parallel data bus line 150. The
timing controller 110 is also coupled to each of the gate modules 180a through 180d for
providing row voltages in order to activate the display cells in each row.

The timing controller 110 provides digital display data, for an image to be
displayed, to the column drivers in the form of digital pixel data on a row by row
basis. The digital pixel data is provided in parallel using the parallel data bus line 150.
A master clock signal MCLOCK 112 is used to control the rate at which the digital pixel
data is transferred over the parallel data bus line 150. The timing controller 110
receives digital display data, for an image to be displayed, from some external source
one display row of information at a time and stores the information. The external
source may be a hard disk drive in a computer, a CD-Rom drive, a flash memory card
or some other appropriate external storage device. Alternatively, the external source
may be consist of an intranet or the internet. The digital display data is received as
digital pixel data. The timing controller 110 stores the digital pixel data in a memory
array (not shown) within the timing.controller. The timing controller 110 then
transfers the digital pixel data out to the column drivers 160a through 160h, in parallel
using the parallel data bus line 150 and the master clock MCLOCK signal 112. As each
row of the image to be displayed is transferred out to the column drivers over the
parallel data bus line 150, a next row of digital pixel data is received and stored in the
internal memory of the timing controller 110. |

Each pixel supports a red subpixei, a green subpixel and a blue subpixel. In
most video display applications, each pixel has a six or eight bit pixel depth. This
means that each red, green and blue subpixel requires six or eight bits, such that the
parallel data bus line 150 must be 36 or 48 bit lines wide. This is because the digital
pixel data is typically transferred over the parallel data bus line 150 two pixels at a time
- L.e. two pixels per MCLOCK pulse at a clock rate of 65 MHz for six bit pixel depth
applications. Accordingly, in the prior art drive system illustrated in FIG. 1, the

parallel data bus line 150 is shown as a thirty-six bit bus line, which transfers two

3
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eighteen bit pixels at a time (RO (5:0), GO (5:0), BO (5:0)) and (R1(5:0), G1(5:0), B1(5:0))
per MCLOCK signal pulse at a clock rate of 65 MHz.
Each of the column drivers 160a through 160h is coupled to the parallel data bus
ling 150. In the prior art, the column drivers 160a through 160h are loaded with the
5  digital pixel data sequentially, receiving two pixels at a time. Accordingly, in the prior
art drive system of FIG. 1, the first column driver 160a is loaded with digital pixel data
from the controller 100 until all 384 subpixels have been loaded into the first column
driver 160a. A shift register or some other appropriate device is preferably used to
track the loading process. Once the first column driver 160a has been fully loaded, an
10 enable signal 165 is then activated from the first column driver 160a to the second
column driver 160b, thereby allowing the second column driver 160b to begin
downloading digital pixel data from the parallel data bus line 150. Again, the second
column driver 160b includes a shjﬁ register or some other appropriate device to track
the loading process. Once the second column driver 160b has loaded all 384 subpixels,
15 its enable signal 165 is activated from the second column driver 160b to the third
column driver 160c, thereby allowing the third column driver 160c to begin
downloading digital pixel data from the paralfel data bus line 150. This process
continues until all of the column drivers have been loaded.
Once all of the column drivers 160a through 160h have been loaded. The
20  timing control sends a load signal 115 to each of the column drivers 160a through 160h
instructing them to begin converting the digital pixel data for each subpixel into analog
red, green or blue signals. The digital pixel data for each subpixel in thé column
drivers 160a through 160h is then converted into an analog voltage. This is
accomplished by loading each subpixel into a digital to analog converter. The load
25 signal 115 from the timing control instructs all of the column drivers to load each
subpixel into the digital to analog convéfter. Thus, each column driver 160a through
160h requires 384 different digital to analog converters in order to convert each
subpixel into a red, green or blue analog signal. Accordingly, in the prior art
embodiment illustrated in FIG. 1, each digital to analog converter must be a six bit
30 converter and the conversion of each subpixel from digital pixel data to an analog

signal occurs after all the column drivers have been loaded and the timing controller

4
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110 has sent the load signal 115. It is understood that although the embodiment
illustrated in FIG. 1 shows a six bit depth per subpixel, the prior art may also typically
use an eight bit pixel depth, thereby requiring 384 eight bit digital to analog converters
(one for each subpixel).

After the digital pixel data for each subpixel has been converted into an analog
signal, each of the analog red, green and blue signals are then passed through a buffer,
in order to generate sufficient current levels, and applied to the column electrodes on
an entire row basis. Thus, all red, green and blue analog signals for each subpixel in a

row are applied to the column electrodes at the same time so the entire row is

-displayed in synch. The entire process illustrated above is repeated on a row by row

basis until the entire image to be displayed has been transferred, converted and
displayed.

FIG. 2 illustrates a functional block diagram of a conventional column driver
160. As shown, the conventional column driver 160 includes a data register 200, for
loading the digital pixel data from the parallel data bus line 150, and a shift register 210
for keeping track of the loading process. The conventional column driver 160 also
includes a separate hold register 220 for holding the 384 subpixel data once the

complete row data for that particular column driver has been loaded from the parallel

-data bus line 150. In this way, the conventional column driver 160 can continue to

sample digital pixel data for a next row in the display while it processes the 384
subpixel data received for the current row.

Digital pixel data is loaded into the data register 200 of the column driver in

‘parallel 36 bits or two pixels at a time. The shift register 210 is preferably a 64 stage

shift register. Each time 36 bits or two pixels are loaded into the data register 200 of
the column driver, the shift register 210 increments one stage. Accordingly, as the first
36 bits or two pixels are loaded in parallel from the parallel data bus line 150, into the
data register 200, the shift register 210 increments one stage. As the next 36 bits or two
pixels are loaded in parallel into the data register 200, the shift register 210 increments
another stage. When all 128 pixels have been loaded into the data register 200, the shift
register 210 increments to a final 64th stage, thereby triggering the column driver 160a

to send an enable signal 165 to the next column driver 160b so that the next column

5
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driver 160b can begin downloading digital pixel data from the parallel data bus line
150.

Once all 128 pixels have been loaded into the data register 200, the timing
controller 110 sends a load signal 115 to the hold register 220, and all 128 pixels are
transferred to the hold register 220, in parallel, for holding. In this way, once the last
column driver 160h has been fully loaded, the first column driver 160a can once again

begin downloading digital pixel data from the parallel bus line 150 into its data register

1 200.

A conventional column driver further includes 384 digital to analog converters
(one for each subpixel). Once all of the digital pixel data for each subpixel in the
complete row has been loaded into all the column drivers 160a through 160h, each six
bit subpixel (red, green and blue) is converted within each column driver 160a through
160h into an analog red, green or blue signal which is then buffered and driven to the
column electrodes of the display. Accordingly, each column driver requires 384 digital
to analog converters, one for each subpixel, and the converters may be six bit or eight
bit converters (depending upon the bit depth of the particular drive system involved).
After all of the digital pixel data in all column drivers have been converted into analog
signals, the analog red, green and blue signals are buffered in order to generate
sufficient current and driven to the column electrodes of the display.

Typically, one row of data is provided in 16 psec one pixel at a time at a pixel
rate of 65MHz or two pixels at a time at a pixel rate of 32.5 MHz. This 16 psec is
divided between the column drivers since each column driver receives digital pixel
data sequentially - i.e. after the previous column driver has received all of its digital o
pixel data and the enable signal has been activated. Accordingly, as one can see, the
amount of time required to transfer the data to each column driver and convert the
data into analog voltages is limited. As active matrix displays become larger, the
implementation and performance of the drive system becomes increasingly difficult to
design. The number of column drivers is increased and the amount of time it takes for
data to be loaded into each column driver and converted to analog signals is
decreased, such that the drivers must perform faster as the number of pixels or display

resolution increases.
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Accordingly, what is needed is a more efficient system and method for driving
an active matrix liquid crystal display such that as the number of pixeis or display -
resolution increases, the system and method continues to perform efficiently.

SUMMARY OF THE INVENT ION

The invention is for an improved display module driving system having six
digital to analog converters per column driver instead of 384 digital to analog
converters. Moreover, unlike conventional drive systems, the improved display
module driving system does not use a parallel data bus line; but, rather transfers data’
serially to each of the column drivers at the same time. This configuration reduces EMI
and current consumption and increases processing time allocated for each of the
column drivers to perform the digital to analog conversion.

In one aspect of the invention, the driving system includes a controller which
serially provides digital display data to multiple column drivers via dedicated serial

bus lines rather than one parallel data bus line. The serial bus lines may be two or

-three bit lines depending upon the number of bits used per RGB subpixel. By having

the digital pixel data transferred serially to each column driver over dedicated serial

bus lines, rather than transferring the pixel data in parallel over a single parallel bus

line, each column driver can receive and process the digital display data at the same

time, thereby allowing each column driver more time in which to process the parallel
pixel data.

In a further aspect of the invention, the driving system includes multiple
column drivers for driving column electrodes of an active matrix liquid crystal dlsplay.
Each column driver receives digital pixel data serially over a dedicated bus line and
arranges the digital pixel data in parallel. Once the digital pixel data has been
arranged into parallel, each subpixel is converted into an analog signal at an earlier
stage of the column driver than in the prior art. The analog signals are then sampled
and held until all column drivers have converted their digital pixel data. Since the
conversion is done at an earlier stage, each column driver only requires six digital to
analog converters rather than 384 digital to analog converters.

In a further aspect of the invention, each column decoder comprises an analog

sample and hold module which includes six pairs of sample and hold capacitors and
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two different sets of switches. The analog signals are selectively sampled and used to
charge one of the capacitors in each of the six pairs of sample and hold capacitors.
Meanwhile, the other capacitor in each of the six pairs of sample and hold capacitors is
discharged, with the voltage stored on the capacitor being transferred from the
discharging capacitor to a column electrode in order to drive the display. In this way,
the sample and hold capacitors alternately store and release the analog voltages which
are used to drive the column electrodes of the display, thereby allowing the column
decoder to perform at a higher speed.

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional prior art active matrix liquid crystal display
drive system; '

FIG. 2 illustrates a functional block diagram of a conventional column driver;

FIG. 3 illustrates a functional block diagram for a display drive system in
accordance with the present invention; '

FIG. 4 illustrates the serial transfer of digital pixel data from the timing
controller to each of the individual column drivers in the system of the present
invention;

FIG. 5 illustrates a functional block diagram for a preferred embodiment of a
controller used within a display drive system in accordance with the present invention;

FIG. 6 illustrates a functional block diagram for a preferred embodiment of a
column driver used within a display drive system in accordance with the present
invention; and

FIG. 7 illustrates a schematic diagrafn showing the operations of a preferred
embodiment for a column driver used with a display driver system in accordance with

the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 3 illustrates a display drive system in accordance with the present -
invention. An active matrix display is driven by éate modules 380a through 380d and
column drivers 340a through 340h. Due to spatial limitations, FIG.3 only shows
column drivers 340a, 340b, 340c and 340h. However, it is understood that in the drive

system of the present invention, in order to drive an active matrix display having a
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resolution of 1024 pixels x 768 pixels, eight column drivers are used, with each column
driver supporting 384 subpixels or memory cells the rows of the active matrix display.

As shown in FIG.3, a timing controller 300 is coupled to the eight column
drivers 340a through 340h and four gate modules 380a through 380d. The gate
modules 380a through 380d provide row voltages to the active matrix display in order
to activate the display cells in each row of the display. The timing controller 300 stores
digital pixel data for the image to be displayed and provides the digital pixel data to
the column drivers 340a through 340h. The digital data is preferably stored within a
pair of memory modules 310a and 310b within the tih\ing controller 300.

The memory modules 310a and 310b are preferably each comprised of a matrix
of memory cells arranged into rows and columns. Digital pixel data for an image to be
displayed on the active matrix display are received by the timing controller 300 from
an exterior source, such as a CD-Rom, a hard disk drive; or a modem cdhnected to the
intranet/internet. The digital pixel data for the image to be displayed is preferably
stored in each of the memory modules 310a and 310b of the timing controller on a row
by row basis as it is received. Preferably, the timing controiler stores a first row of
digital pixel data in one of the memory modules 310a or 310b, while a second row of
digital pixel data is stored in the other memory module 310a or 310b. In this way,

“ when the digital pixel data are read from one memory module 310a or 310b, digital

pixel data for a next row in the image to be displayed can be loaded into the other
memory module 310a or 310b such that the two memory modules 310a and 310b are
alternatively read from and written to until all of the digital pixel data for each of the
rows of the image to be displayed have been processed and displayed. Alternatively,
the timing controller may utilize any other suitable memory device for temporary
storage of separate rows of digital pixel data, such that while one row is being stored in
the memory device another rows is being read from the memory device and processed
for display.

The timing controller 300 provides the digital pixel data to multiple column
drivers 340a through 340h for driving the column electrodes of an active matrix liquid
crystal display. Unlike conventional display driving systems, the timing controller 300

of the present invention is coupled to each of the multiple column drivers 340a through
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340h by multiple dedicated bus lines 325a through 325h, with one dedicated bus line
per column driver. Preferably, each dedicated bus line 325a through 325h is a three bit
bus line. Alternatively, each dedicated bus line may be a two bit bus line.

In operation, digital pixel data for an entire row are retrieved by the timing
controller 300, from a memory in the timing controller 300, on a parallel basis for each
of the column drivers 340a through 340h. The digital pixel data is then divided into
eight parallel segments, with one parallel segment for each column driver 340a
through 340h. The digital pixel data in each parallel segment is then converted into
serial and transferred to the column drivers 340a through 340h through the dedicated
bus lines 325a through 325h. Accordingly, the complete digital pixel data for a single
row in the image to be displayed is transferred to each of the column drivers 340a
through 340h concurrently, such that any one column driver receives its individual
segment of serial digital pixel data at the same time each of the other column drivers
receives their individual segment of serial digital pixel data. Accordingly, each column
driver 340a through 340h is able to begin processiﬁg its segment of serial digital pixel
data without having to wait for digital pixel data to be transferred to each of the other
column drivers. Therefore, unlike conventional column drivers, the column drivers
340a through 340h of the present invention do not require an enable -signal before they
are loaded.

More specifically, the digital pixel data for display across a first row of an active
matrix liquid crystal display is retrieved from the memory of the timing controller 300
and divided or broken into segments. Preferably, each segment is 128 pixels in length
or 384 RGB subpixels. Each segment of digital pixel data is then serially transferred to
a cbrresponding column driver 340a through 340h over the appropriate corresponding
dedicated bus line 325a through 325h. Thus, digital pixel data from a first segment is
serially transferred to column driver 340a over dedicated bus line 325a; while, at the
same time, digital pixel data from a last segment is transferred to column driver 340h
over dedicated bus line 325h. In this way, the digital pixel data is transferred to each
column driver serially such that each column driver receives the digital pixel data
which corresponds with its segment of the row, without having to wait for the

previous column drivers to receive their respective segments.
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FIG. 4 further illustrates the concept of how digital pixel data is transferred from
the timing controller 300 to each of the individual column drivers 340a through 340h.
FIG. 4 shows a stream of digital pixel data 400 which represents a row in the active
matrix liquid crystal display 100. The complete digital pixel data is actually made up
of 1024 pixels which.is comprised of 18,432 bits, with each pixel in the row havmg ared
subpixel of six bits in length, a green subpixel of six bits in length, and a blue subpixel
of six bits in length. However, for simplicity sake in understanding the basic
operations of the present invention, the digital pixel data shown is made up of blocks
with each block representing a pixel. The total number of pixels is not the same and is
reduced for purposes of illustration.

As shown, in FIG. 4, the complete row of parallel digital pixel data is divided up
into eight sections 410a through 410h (one section for each column driver 340a through
340h). A first section 410a of the complete row of parallel digital pixel data is to be
transferred to column driver 340a, a second section 410b of the complete row of

parallel digital pixel data is to be transferred to column driver 340b, etc. However,

. before the sections 410a through 410h are transferred to their respective column

drivers, they are each converted into a segment of serial d1g1tal pixel data, one pixel at
a time. The process of converting the sections from parallel digital pixel data to serial
digital pixel data progresses sequentially through all 128 pixels corresponding with the
column driver.

Accordingly, the first section of parallel digital pixel data 410a is converted into
a segment of serial digital pixel data one pixel at a time until all 28 pixels have been
converted. The segment of serial pixel data is then transferred serially over the
dedicated bus line 325a to the first column driver 340a. For a six bit pixel depth design
(wherein each subpixel is represented by six bits), the dedicated bus line 325a is
preferably two bits wide, such that two pixels may be serially transmitted over the
dedicated bus line 325 two bits at a time (one bit over each bitline) for each MCLOCK
pulse. Accordmgly, all bits for the red subpixels, the green subpixels and the blue
subpixels in two pixels are serially transmitted over the two bit lines within 18
MCLOCK pulses. The 128 pixels of data sent to a single column driver will require
1152 clock cycles at one bit per line per clock cycle for a clock rate of 65MHz.

11
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In an alternative embodiment for an eight bit pixel depth design (wherein each
subpixel is represented by eight bits), each dedicated bus line is three bit lines wide,
such that three bits are transmitted at the same time (one over each bit line) for each
MCLOCK pulse. Accordingly, in this alternative embodiment, all bits for the red
subpixel, the green subpixel and the blue subpixel are serially transmitted over the
three bit lines within 16 MCLOCK pulses. The 128 pixels of data sent to a single
column driver will require 1024 clock cycles at one bit per line per clock cycle for a
clock rate of 65MHz. Alternately, the digital pixel data may be sent at half the clock
rate and sampled on both rising and falling edges of the clock pulse.

A second section of parallel digital pixel data 410b is converted into a segment
of serial digital pixel data one pixel at time until all 128 pixels have been converted.
The segment of serial pixel data is then transferred over dedicated bus line 325b to the
second column driver 340b, preferably two pixels at a time. Once again, in the
preferred embodiment for a six bit pixel depth (wherein each subpixel is represented
by six bits), the dedicated bus line 325b is preferably two bits wide, such that all bits for
the red subpixels, the green subpixels and the blue subpixels in two pixels are serially
transnﬁtted over the two bit lines within 18 MCLOCK pulses.

 The process is the same for all eight sections 410a through 410h of the complete
row of parallel digital pixel data. All eight sections 410a through 410h are converted
into segments of serial digital pixel data, which are then transferred to the appropriate
column driver 340a through 340h, over a corresponding dedicated bus line 325a
through 325h. It is understood that alternative embodiments may exist in the transfer
of the segments of serial digital pixel data from the timing controller 300 to the column’
drivers 340a through 340h so long as the parallel digital pixel data is divided up into
sections, the sections are arranged in serial segments of digital pixel data, and the
segments of digital pixel data are trénsmitted over the dedicated bus lines 325a
through 325h.

FIG. 5 illustrates a preferred embodiment for a timing controller 200 used within
a display drive system in accordance with the present invention. As shown the
controller 200 includes a driver and gate timing control circuit 500, a data path control

circuit 510, two separate memory modules 520a and 520b and a parallel to serial
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converter 525. In a preferred embodiment, the two Separate memory modules are able
to hold 1024 digital pixel data having six bit red, green and blue subpixels, such that
each memory can store 18432 bits of digital pixel data (1024 pixels x 3 subpixels x 6 bits
per subpixel). In an alternative embodiment, each of the two separate memory
modules are able to hold 1024 pixels of digital pixel data having eight bit red, green
and blue subpixels, such that each memory can store 24576 bits of digital data (1024
pixels x 3 subpixels x 8 bits per subpixel). Each memory is preferably matrix of
memory cells arranged in rows and columns. Alternatively, any other appropriate
temporary data storage means may be used as memory

Digital pixel data is read in through the six bit RGB signal lines from an external
source, such as a CD;Rdm and stored in the two separate memory modules 525a and

525b on a row-by-row basis. Accordingly, digital pixel data for a first row of a 1024

- pixel image is stored in the first memory. As that data is read out into the column

drivers, digital pixel data for a second row of a 1024 pixel image is stored in the second

* column drivers, the second memory begins transferring the digital pixel data for the

second row out to the column decoders while the first ‘memory stores the data for the
third row of the image. This way, while one memory is reading out data to the column
drivers, the other memory is receiving in data from the external source, such as a CD-
Rom. The data path control circuit 510 controls which memory receives the input
digital image data from the external source and which memory reads out digital pixel
data to the column drivers.

In the present invention, the controller 200 includes a parallel so serial data =
converter 525. Unlike convention controllers, the digital pixel data is provided serially
to each of the column drivers 340a throu gh 340h, over dedicated bus lines 325a
through 325h rather than a parallel dafé bus line. The parallel to serial data converter
525 retrieves data from the memory in parallel and divides the data into segments,
wherein the number of segments is equal to the number of column drivers. Each
segment is then converted into serial data and transferred to the appropriate column

driver via the corresponding dedicated bus line.
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FIG. 6 illustrates a preferred embodiment for a column driver 340a used within
a display drive system in accordance with the present invention. As shown, the
column driver 340a includes a frequency divider 610 which is coupled to a shift
registér 630, which is further coupled to an analog sample and hold module 640. The
column driver 340a further includes a serial to parallel converter 620 which is coupled
between the frequency divider 610 and a digital to analog converter module 625. The
digital to analog converter module 625 is comprised of six individual digital to analog
converters 635a through 635f. The digital to analog converter module 625 is also
coupled to the analog sample and hold module 640. Finally, the column driver
includes a buffer 650 which is coupled to the analog sample and hold module.

In operation, the column driver 340a receives the segments of serial digital pixel
data at the serial to parallel converter 620 and converts the digital pixel data from serial
format into parallel, such that each subpixel (red, green and blue) is rearranged into six
parallel bits. Preferably, the parallel digital pixel data is then fed into the digital to
analog converter module 625 two pixels at a time over a thirty six bit bus line, such that

each of the six digital to analog converters 635a through 635f receives one six bit

-subpixel.

As explained above, the digital to analog converter module 625 is preferably
comprised of six individual digital to analog converters 635a through 635f, with each
individual digital to analog converter 635a through 635f configured for converting a
six bit subpixel from digital pixel data into an analog signal. The digital to analog
converter module 625 preferably has at least sixteen different reference voltages.
Therefore, each six bit subpixel is converted into one of the at least sixteen different |
reference voltages. Accordingly, there are two pixels input to the digital to analog
converter 625 and six analog signals are output, one analog signal for each six bit red,
green and blue subpixel in the two pixels.

In an alternative embodiment, the digital pixel data may be transferred to the
digital to analog converter module 625 more than two pixels at a time. In this
alternative embodiment, the digital to analog converter module 625 would require
more than six individual digital to analog converters 635a through 635f For example,

the digital to analog converter 625 may receive the digital pixel data four pixels at a
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time over a 72 bitline bus. However, unlike the prior art, in the present invention it is
not required that all subpixels be converted at the same time and, accordingly, 384
digital to analog converters are not needed. Moreover, it is understood that the
number of references voltages may be varied and alternate embodiments having more
or less reference voltages are intended to be covered herein.

Preferably, six analog signals are output from the digital to analog converter
module 625 after every two pixels are converted, one analog signal for each digital to
analog converter 635a through 635h. The analog signals are output over a six line bus
which is sampled by the sample and hold module 640. The frequency divider 610 and
the shift register 630 control the sampling rate of the sample and hold module 640.
Preferably, the shift register 630 is preferably a 64 stage shift register, wherein six
analog signals (one for each subpixel in two pixels) are sampled at each stage.
Accordingly, as the digital to analog converter module 625 converts the digital pixel
data, two pixels at a time, it outputs six analog signals which are then saxﬁpled as the
shift register cycles through each of its 64 stages. Therefore, by the time the shift
register 630 has cycled through to its sixty-fourth stage, all 384 different analog signals
(one for each subpixel) have been sampled. In this way, after cycling through all 64
stages, three different red, green and blue analog signals for each of the 128 pixels have
been completely sampled by each column driver. The sample and hold circuit
preferably uses a dual capacitor arrangement such that the analog signals for each of
the two pixels can be sampled and stored in each of the capacitors alternatively.

FIG. 7 illustrates a schematic diagram showing the operations of a preferred
embodiment for a column driver used with a display driver system in accordance with -
the present invention. Each column driver includes 64 stages, wherein there are six
analog signals output from each stage. For simplicity of understanding and due to
spatial constraints, only the first three stages 702a through 702¢ have been shown in
FIG. 7. However, as is shown in the diagram of FIG. 7, and explained further below,
the stages 702b and 702c are identical in structure and performance. Moreover, the
other 61 stages which are not depicted in FIG. 7 are also share the same structure and

performance as those shown in stages 702b and 702c of FIG. 7. Accordingly, it is not
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necessary to show all 64 stages in order to understand the operations of a column
driver designed in accordance with the present invention.

Referring to FIG. 7, each stage 702a through 702c contains a flip flop 710 having
a data input D and two outputs Q and QN. Preferably, the flip flop 710 is used as a
latch having a clock signal input which activates the latch whenever the clock signal is

active. The clock signal is actually the sampling clock signal 660 which is output from

the frequency divider 610 in the column driver, as shown in FIG. 6. In the preferred

embodiment, each flip flop 710 is activated when the sampling clock signal 660
transitions from low to high. The flip flops 710 are each used to activate their
corresponding stage 702a through 702c, such that the first ﬂip flop 710a activates stage
702a, the second flip flop 710b activates stage 702b, and so on. Operations of the flip
flops 710 are described in further detail herein.

Each stage further contains a first set of six switches 780 (indicated as 780a
through 780c and surrounded by broken lines in FIG. 7) and six pairs of analog sample
and hold capacitors. The six pairs of analog sample and hold capacitors are each
comprised of a first capacitor and a second capacitor, with the anodes of the first
capacitor in each pair being coupled to a respective switch terminal A, and the anodes
of the second capacitor in each pair being coupled to a respective switch terminal B.
The cathodes of both capacitors in each pair of the six pairs of analog sample and hold
capacitors are coupled to a ground signal.

The flips flops 710 are all coupled to the sampling clock signal 660 which is
output from the frequency divider 610 (FIG. 6). The data input D to the first {lip flop
710a in each column driver is coupled to the enable signal from the timing controller
200 (Fig. 5) . The data input D of each subsequent flip flop in the other 63 stages is -
coupled to the output Q from the previous flip-flop. This configuration embodies the
shift register 630 of the column driver. |

In referring to FIG. 7, it should be readily understood how the shift register 630
operates and cycles through 64 stages. When the enable signal and the sampling clock
signal are both active, the first stage flip flop 710a latches the enable signal through to
its output Q. Since the output Q from the first stage flip flop 710a is coupled to the
data input D of the second stage flip flop 710b, the next time the sampling clock signal
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and the enable signal are both active, the second stage ﬂip flop 710b latches the enable
signal through to its output Q. Once again, since the output Q from the second stage
flip flop 710b is coupled to the data input D of the third sta ge flip flop 710c, the next
time the sampling clock and the enable signal are both active, the enable signal is
latched through the third stage flip flop to its output Q. This process repeats through
64 stages until the enable signal has been latched through all 64 flip flops.

The outputs Q from each of the 64 flip flops are also coupled to first inputs A of
a pair of AND gates 750a and 750b. The inputs B of both AND gates 750a and 750b are
coupled to a load signal, with one of the inputs B on one of the AND gates 750b being

inverted. It is understood in referring to FIG. 7 that this configuration ensures that the

outputs from the AND gates 750a and 750b alternate, such that when the output from
one AND gate 750a is high, the output from the other AND gate 750b is low. The
outputs from both AND gates 750a and 750b are coupled to each of the six switches in
the first set of switches 780a through 780c, and are used to alternately activate the
switches. For example, when the output from one AND gate 750a goes high, the
switches are activated to a first position and when the output from the other AND gate
750b goes high, the switches are activated to a second position, thereby causing all six
switches in the first set of switches 780a through 780c to alternate back and forth
between first and second positions as the outputs from the two AND gates 750a and
750b alternate.

FIG. 8 shows a close-up view of the first stage 702a and further illustrates the
operations of the first set of switches 780a and the second set of switches 790a. It is
understood that the first set of switches 780a and the second set of switches 790a are
identical in configuration in each stage, accordingly, the switches operate the same way
in each stage. It is further understood that the first set of switches 780a in each stage
only operate when the output Q from the flip flop is valid for that stage.

As shown in FIG. 8, each stage contains six switches in a first set of switches
780a and six switches in a second set of switches. An end terminal C of each switch in
the first set of switches 780a is coupled to one of six analog signal lines (a0 through a5)
which are output from the digital to analog converter 625 (FIG. 6). The analog signals

(a0 through a5) represent the analog voltage for each of the subpixels in two separate
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pixels. Each switch in the first set of switches 780a also has a first terminal A and a
second terminal B such that when the switch is in a first position, the end terminal C is .
éouple to the first terminal A, and when the switch is a second position, the end
terminal C is coupled to the second terminal B. The first terminal A is coupled to an
anode of a first capacitor in a corresponding pair of capacitors from the six pairs of
capacitors. The terminal B of each switch is coupled to the anode of the second
capacitor in the corresponding pair of capacitors from the six pairs of capacitors.

The first set of switches 780a are used to couple one of the analog signal lines (a0
through a5) to one of the capacitors in a corresponding capacitor pair from the six pairs
of capacitors, in order to store the analog voltage level from the analog signal line (a0
through a5) for that subpixel onto one of the capacitors. Voltages are alternately stored
for each subsequent row, such that when each switch in the first set of switches 780a is
in the first position, the voltage level for the corresponding subpixels in a particular
row are stored on the first capacitors in each of the six capacitor pairs and when each
switch in the first set of switches 780a is in the second position, the voltage level for the
corresponding subpixels in a subsequent row are each stored on the second capacitors
in the six capacitor pairs.

Further, as shown in FIG. 8, a second set of six switches 790a are present in each
of the 64 stages and are used to alternately transfer the voltages out from the sample
and hold capacitor pairs one row at a time. The voltages stored on each of the
capacitors in the six capacitor pairs are alternately transferred through the outputs of
the analog sample and hold module 640 to the buffer 650. Each switch in the second
set of six switches 790a is coupled to the load signal, which activates the switch. The
load signal alternates polarity as each new row of digital pixel data is to be displayed
in order to trigger operation of the six switches in the second set of switches 790a.
Again, each switch in the second set of switches 790a alternates between switch
terminals A and B. Additionally, each switch in the second set of switches 790a
includes an end terminal G which is coupled to one of the 384 outputs of the analog
sample and hold module 640. Each stage outputs 6 analog voltages to the column
electrodes of the display. There are 64 stages and, accordingly, there are 384 output
signals.
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In operation, the second set of switches 790a are arranged to switch in the
opposite direction from the first set of switches 780a, such that when each switch in
the second set of switches 790a is in a first position, the switch terminal B is coupled to
the end terminal G and when each switch is in a second position, the switch terminal A
is coupled to the end terminal G. The second set of switches 790a through 790c are
alternately switched back and forth between terminals A and B in order to alternately
transfer the voltages stored on each of the capacitors out to the column electrodes on a
row by row basis. 7 '

Accordingly, to summarize the operation of the first and second sets of switches
780a and 790a, when each stage is activated by the Q output from its corresponding
flip flop 710, each switch in the first set of switches 780a transitions from one position
to another in order to alternately store the analog signals (a0 through a5) on each of the
capacitors in the six capacitor pairs. Accordingly, if each switch in the first set of
switches 780a transitions to a first position, the first capacitor in each capacitor pair is
connected to one of the analog voltage signal lines (a0 through a5) through terminal C
such that the corresponding voltage is then stored on the first capacitor through switch
terminals C and A. At the same time, each switch in the second set of switches 790a
also transitions in order to alternately transfer the stored voltages out to a buffer 650 in
order to drive the column electrodes. Therefore, using the same example provided
earlier in describing the operation of the first set of switches 780a, when the first set of
switches 780a are each in a first position, each switch in the second set of switches 790a
is also in a first position such that the\second capacitor in each capacitor pair is
connected to the buffer 650 through terminal G such that the voltage which was
previously stored on that second capacitor is driven through switch terminals B and G
to the buffer. Therefore, the analog voltages from the voltage signal lines (a0 through
ad) are alternately stored and transferred, such that while one capacitor in the pair is
storing the appropriate voltage level for the subpixel in a subsequent or next row, the
other is providing a previously stored voltage level for the subpixel in the current row
to the buffer in order to drive the column electrodes.

Finally, the 384 outputs from each of the six capacitor pairs in all 64 stages of the

analog sample and hold module 640 are each coupled to an individual buffer within
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the buffer module 650. The individual buffers receive the analog voltage levels from
the capacitors through the second set of switches and generate sufficient current levels
in order to drive the column electrodes of the display.

" While the present invention has been described in terms of six and eight bit
pixel depth, it is understood that the invention is not intended to be limited to the same
and may be utilized in alternate designs having greater or smaller pixel depth.
Moreover, although the invention has been described in terms of driving a display
having a resolution of 1024 pixels x 768 pixels, it is understood that the invention is not
intended to be limited to suché display resolution; but, rather, is intended for future
implementation in larger scale displays, In such a case, additional column drivers
designed in conformity with the specifics details and embodiments set forth herein
may be utilized. Because all column drivers receive their segment of the digital pixel
data for the row to be displayed at the same time, the number of column drivers and
the size of the display may be increased more easily than that which was available in

prior art drive system designs.
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- CLAIMS

What is claimed is:

1 A display drive system comprising:

a plurality of column drivers; and

a timing controller coupled to each column driver in the plurality of
column drivers, for providing a row of digital pixel data to the
plurality of column drivers, wherein the digital pixel data is
divided into segments and each segment is serially provided to
one of the column drivers in the plurality of column drivers via a
dedicated serial bus coupled between the timing controller and the
column driver such that the entire row of digital pixel data is

provided to the plurality of column drivers at the same time.

2. The display drive system of claim 1, wherein each column driver in the
plurality of column drivers comprises a serial to parallel cdnverter which receives the
serially provided segment of digital pixel data and rearranges the segment into parallel
pixel data until all of the pixels in the segment have been received and arranged into

parallel.

3. The display drive system of claim 2, wherein each column driver in the
plurality of column drivers further comprises a digital to analog converter module
coupled to the serial to parallel converter, for converting each pixel in the parallel pixel

data into analog red, green and blue signals.

4. The display drive system of claim 3 wherein the digital to analog
converter module converters the parallel pixel data into analog red, green and blue
signals two pixels at a time, such that there are six digital to analog converters within
the digital to analog converter module, with a first digital to analog converter

generating an analog red signal for a first pixel, a second digital to analog converter
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generating an analog green signal for the first pixel, a third digital to analog converter
generating an analog blue signal for the first pixel, a fourth digital to analog converter
generating an analog red signal for a second pixel, a fifth digital to analog converter
genefating an analog green signal for the second pixel, and a sixth digital to analog

5 converter generating an analog blue signal for the second pixel.

5. The display drive system of claim 3, wherein each column driver in the
plurality of column drivers further comprises an analog sample and hold module
coupled to the digital to analog converter module for sampling the analog red, green

and blue signals for each pixel in the parallel pixel data, one group of pixels at a time.

10 6. The display driver system of claim 5, wherein the analog sample and
hold module samples the analog red, green and blue signals of each pixel in the
parallel pixel data, two pixels at a time such that a total of six analog signals are

sampled at the same time.

7. ‘The display driver system of claim 5, wherein the analog sample and
15  hold module includes a plurality of first capacitors, one first capacitor for sampling

each red, green and blue signal for each pixel in the group of pixels.

8. The display driver system of claim 5, wherein the analog sample and
hold circuit includes a plurality of first and second capacitor pairs, each first capacitor |
for sampling the red, green and blue signal for each pixel in the group of pixels from |

20  parallel pixel data for a first display row, each second capacitor for sampling the
analog red, green and blue signals for each pixel in the group of pixels from parallel

pixel data in a next display row.

9. The display..driver system of claim 8, with each first capacitor providing

the sampled analog red, green and blue signals to a plurality of column electrodes
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while each second capacitor samples the analog red, green and blue signals for each

pixel in the group of pixels from parallel pixel data in the next display row.

10. A system for driving a display comprising: -

a timing controller for receiving digital pixel data;, dividing the digital
5 pixel data into a plurality of segments of digital pixel data and
serially providing the plurality of segments to a plurality of
column drivers; and
a plurality of column drivers, each column driver coupled to the timing
controller via a separate bus line, wherein each column driver
10 receives a particular segment in the plurality of segments via the
separate bus line, and further wherein each column driver
switches the serially provided segment of digital pixel data into
parallel digital pixel data, converts the parallel digital pixel data
into analog sigﬁals, and provides the analog signals to a plurality

15 of column electrodes for driving the display.

11.  The system of claim 10, wherein the timing controller comprises:

a pair of first and second memory modules for receiving and storing the

digital pixel data, wherein a first row of digital pixel data is stored
20 in the first memory module and a second row of digital pixel data
is stored the second memory module;

a data path control circuit coupled to the pair of first and second memory
modules for routing the first row of digital pixel data to the first
memory module and routing the second row of digital pixel data

25 to the second memory module; and

a parallel to serial converter coupled to the pair of first and second
memory modules for retrieving the first row of digital pixel data
from the first memory module in a parallel format, dividing the

digital pixel data into a plurality of segments, converting each
23
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segment from parallel format into serial format, and providing
each segment in the plurality of segments to a corresponding
column driver in the plurality of column drivers via the separate

bus line.

5 12. The system of claim 11, wherein an enable signal is coupled between the
timing controller and each column driver in the plurality of column drivers and is used
to activate each column driver, thereby allowing the plurality of column drivers to

receive their respective segments at the same time.

13.  The system of claim 10, wherein each column driver in the plurality of

10  column drivers comprises:

a serial to parallel converter for receiving the segment of serially
formatted digital pixel data over the separate bus line and
converting the segment into a parallel format one pixel at a time;

a digital to analog converter coupled to the serial to parallel converter for

15 converting each pixel in the parallel formatted segment of digital
pixel data into analog red, green and blue signals;

an analog sample and hold module coupled between the digital to analog
converter and the plurality of column electrodes for sampling the
analog red, green and blue signals of each pixel, storing the

20 sampled analog red,. green and blue signals, and releasing the
samples of the analog red, green and blue signals to the plurality
of column electrodes for driving the display.

14.  The system of claim 13 wherein the digital to analog converter module
A25 ~ converters each pixel in the parallel formatted segment of digital pixel data into analog
red, green and blue signals two pixels at a time, such that there are at least six digital to
analog converters within the digital to analog converter module, with a first digital to
analog converter generating an analog red signal for a first pixel, a second digital to

analog converter generating an analog green signal for the first pixel, a third digital to
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analog converter generating an analog blue signal for the first pixel, a fourth digital to
analog converter generating an analog red signal for a second pixel, a fifth digital to
analog converter generating an analog green signal for the second pixel, and a sixth

digital to analog converter generating an analog blue signal for the second pixel.

15.  The system of claim 13, wherein the analog sample and hold module
samples the analog red, green and blue signals of each pixel, two pixels at a time such

that a total of six analog signals are sampled at the same time.

16.  The system of claim 13, wherein the analog sample and hold module
includes a plurality of sample and hold capacitor pairs having a first capacitor and a
second capacitor, and further wherein the first capacitor and the second capacitor in
each analog sample and hold module alternately store and release the samples of the

analog red, green and blue signals.

17. A timing controller for controlling a plurality of column drivers which
are each coupled to the timing controller via a separate bus hne, in order to drive a

display, the timing controller comprising;:

a pair of first and second memory modulés for receiving and storing
digital pixel data, wherein a first row of digital pixel data is stored
in the first memory module and a second row of digital pixel data
1s stored the second memory module;

a parallel to serial converter for retrieving the first row of digital pixel

‘ data from the first memory module in a parallel format, d1v1dmg
the digital pixel data into segments, converting each segment from
parallel format into serial format, and providing each segment of
the serially formatted first row of digital pixel data to a
corresponding column driver in the plurality of column drivers

via the separate bus line.
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18. A column driver for driving a plurality of column electrodes of a display,
comprising:

a serial to parallel converter for serially receiving digital pixel data
representing a segment of a display row and converting the digital

5 pixel data into a parallel format;

a digital to analog converter coupled to the serial to parallel converter for
receiving the parallel formatted digital pixel data and converting
the parallel formatted digital pixel data into analog signals;

an analog sample and hold circuit for sampling the analog signals,

10 storing the samples and providing the samples of the analog

signals to a plurality of column electrodes for driving the display.

19.  The column driver of claim 18, wherein the analog sample and hold
circuit includes a plurality of capacitor pairs having a first capacitor and a second
capacitor such that each capacitor may alternately store the analog signal samples and

15 provide the samples to the column electrodes.

20. A method for driving a display comprising the steps of

receiving a current row of digital pixél data and storing the current row
of digital pixel data in a first memory module;
retrieving the current row of digital pixel data in parallel format from the
20 _ first memory module, dividing the current row of digital pixel
data into a number of current row segments, converting each
current row segment into a current row serial data stream; and
providing each current row serial data stream to a corresponding column
driver in a plurality of column drivers, wherein each current row
25 serial data stream is provided to a corresponding column driver

via a dedicated bus line.
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21.  The method of claim 20, further comprising the ‘steps of:

receiving each current row serial data stream at the corresponding
column driver and converting the current row serial data stream
into current row parallel digital data one pixel at a time;

5 converting the current row parallel digital data into current row analog

red, green and blue signals;

sampling the current row analog red, green and blue signals and holding
the samples; and

providing the samples to a plurality of column electrodes for driving the

10 display.

22. The method of claim 20, comprising the further steps of:

receiving a next row of digital pixel data and storing the next row of
digital pixel data in a second memory module, and performing
15 this step while the steps of retrieving the current row of digital
pixel data from the first memory module and providing each
current row serial data stream are being performed;
retrieving the next row of digital pixel data in parallel from the second
memory module, dividing the next row of digital pixel data into a
20 : number of next row segments, converting each next row segment
into a next row serial data stream; and
providing each next row serial data stream to a corresponding column
driver in the plurality of column drivers, wherein each next row
serial data stream is provided to a corresponding column driver

25 via a dedicated bus line.
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The method of claim 22, further comprising the steps of:

receiving each next row serial data stream at the corresponding column
driver and converting the next row serial data stream into parallel
digital data one pixel at a time;

converting the parallel digital data into analog red, green and blue
signals;

sampling the analog red, green and blue signals and holding the samples;

and

providing the samples to the plurality of column electrodes for driving

' the display.

28



PCT/US99/12653

WO 99/63513

(LHY Holdd) | o4

1/8

04l
18]|013u09 Bujwy |

[T
e|npow oefb
(89L X 8D 'Y X v201) —
ajnpou ajeb
001
qo81
ajnpow a)eb
AV1dSI1a dJ37 XIHLYW 3AILIY
. _ o___uﬂohf&
§8pQJjd8|3 uwnjoy o} Sl8Allg dwnjo) wol) S%:O mmmm:o> i jeuy
691 691 G91
9jqeuy 8|qeus a|qeu3
TER 209}  qo94 209}
J8AN( uwn|o) "o 18A11Q uwnjo) 19A1Q Uwnjo) J8AN( uwnjon
L
G591
ajqeuy
. Shi Ieubis gvol
/ ¢t X3010NW
(0:5) 18 / auI7 sng ejeq |ojeIe
(09 15 9¢e 061 I7 sng ejeq |8|eled
(0:6) 14
" {0:5) o8
(0:5) 09
(0:9) oy

SUBSTITUTE SHEET (RULE 26)

9963513A2_IA>

ISDOCID: <WO



PCT/US99/12653

WO 99/63513

(1HY HOldd) ¢ ‘Bl

v8€ 1

m%o:om_a uwnjo) o} jno
- sjeubig abejjop bojeuy

GLi

0v¢e
18)jng

11y d

BIGET

qqs€2

BQGEC| = ® ®

jeubis
avol

2/8

694

Je5ee

qesee

B8GEe

|leubis 8|qeul

IR

oie
Jeis1bay YIS

b0td

T

023
1915168y PIoH

v0€e
/

J18ALIQ UWN|O)

00¢
1815168y eleQg

/

9€ /1 0g} eun] sng jellesed wouj jojfesed
ut papeo eleq [axid eubig

SUBSTITUTE SHEET (RULE 26)

9963513A2_IA>

O,

BNSDOCID: <W!



PCT/US99/12653

WO 99/63513

€ 'Ol

(892 x 8 'D ‘Y X $201)

00}

AY1dSIA 407 XI4LVN JAILDY

pose
a|npoui a}eb

a08e
a|npow 8)eb

q08¢
a|npow aeb

e08e
a|npow &)ef

§8p01108|3 UWN|0) 0} SISALQ UWN|0) WOl jnd

3/8

uove
JBALIQ Uwn(o)

S0v€

J8Al(Qg uwnjo)

qove

18ALQ UWN|0)

InQ sebeyop bojeuy

0] 4
J3ALQ Uwnjon
!

eubis ajqeu3

AJ0710N

BSZE Ul $ng Pajealpeq

qScE 8ulq sng peajeslpaq

9G2¢ 8u}7 sng pajeslpag

YSG2E aulq sng peleaipeq

qo01€
8INPOp.
Kiowepy

e0lE
e|npopy
Aiowep

00&

18]]043u09) Bujwi |

SUBSTITUTE SHEET (RULE 26)

8963513A2_IA>

NSDOCID: <WO.



PCT/US99/12653

WO 99/63513

4/8

e0ye
J8ALQ Uwnjo)

qove
JeAN(Q UWn|0)

a0ve
19ALQ UWR)0)

ugve
19A1@ UwWn(0)

62€ U] sng paiedjpeq
UoISSIWSUBI L

gseg aul] sng pejedpaq
: uolssjwsues)

9G2€ eul sng pareaipeq
uoisstusuel |

yseg eul sng pajedlpeq
UO|SSILIUE) |

v 'Ol

juawbeg Jo
U0ISIaAUOY |BIIS O} |8|[RJBd

ejeq |sxid
jel1ag jo juawbag

EOLY

Juswbag jo
U0ISISALO)) (118G 0} [8]|Ried

ejeq [exid
|el1ag jo juewbag

oty

yuswbag Jo
uoIS18AUOY) e1I8S 0] |B]|esed

ejeq |9xld
|eieg Jo juawbasg

901

juowbag jo
uoIsIaAuo) fel1eg 0] |3j|eled

ejeQ |oxid
~ |euas jo yuswbes

oLy

00 Bieq |9Xid
jenbiq |s(jeled

SUBSTITUTE SHEET (RULE 26)

9963513A2_IA>

BNSDOCID: <WO,



PCT/US99/12653

WO 99/63513

& 9Ol

3|qeu3 ejeQ
(Mg 9Xg'D 'Y X p201) 015 (0:6)
/ LIN2HID (0:9) B
BGZE Mm q04¢ TOHINOD
AHOWIW Hivd Y1va (05 5
qsze
.
P
[o}]
2626 =
3
(VT AN o m..n%
o oB
s 962¢ 0
3
<
S
j5¢€ ® 006 A0
(a9 x g '9 ' x $201) LinoyIo Gouks 1
Bsze TOHLNOD ONIWIL
BOIE 31YD ONY HIAIHA ;
\ AHOWINW JOUAS A
usze o8
AD010NW ;
|eubig siqeu3 . 002
' hw__o:coo
Butwiy

SUBSTITUTE SHEET (RULE 26)

8963513A2_IA>

NSDOCID: <WO,



PCT/US99/12653

WO 99/63513

6/8

$8p01}98|3
uwnjo9 oy indinQ
sjeubig abeyjop bojeuy

9 9l

Qg€

v/d

BGEY
18)J3AU0D

v/d

ajnpo Japeauo) Bojeuy oy [enbiq

8G2E 8uli

8¢ 4~
059 EE 9GE9
Jajjng 18peAu0d | * 7| J818AU0D || J8YI8AUOD
v/a v/a
P 629
78€
0¥9 029
ajnpoy ploH pue ejdweg Bojeuy (ge-pe) 18118AU0Y
9 [8]|ejed 0} [BLBS
i
p9 -1
18)5168 390[9
isibed uus Buydweg | 18PINT Aauanbaly

sng paiedlpaqd
woJj ul ejeq

/
B0y

J8ALIQ UWN|0)

[eubis ejqeul

X0010W

SUBSTITUTE SHEET (RULE 26)

9963513A2_IA>

(e]

INSDOCID: <W



PCT/US99/12653

WO 99/63513

L Old

089 ¥3d44nd
906, S4OUMS 1P 138 Prﬁm \ “ ape ssuums o s puoots .“I eP6L SauJums Jo jos puopag //
) sl LI =] :_ L5
Q05 epgs q052 B0SL
r :u :o :w :u %—a /#F\ "_w %T :J— ° Q/M [/ “ o] L1o] 1 1o} 1 1o Qb Xw“w__m
Eiiiiﬁ "iiiiii _iiééiﬁ
A et e R LBy o AR
ﬁ [ ol o o of of of
© ° o UTOEL | 00 R B P L" | : 082
~ goyoyms | Jo jef sy _ Bayoumg| Jo 195 Isii ) _ fayoymy jo _J" 1S4
| ! ge
! _ g5
. b veQE &
| “ 2259
| ; %mmw
; f e 3
“ | X
) _ ‘_ 099
968, qs82 egg. Y0P

_ _ Buydwes
{ |
| Ev—_ feubis
_ _ BQL. ajqeus

SUBSTITUTE SHEET (RULE 26)

9863513A2_IA>

NSDOCID: <WO,



PCT/US99/12653

WO 99/63513

8 9l

91n0 §1N0 v1NO €1n0 2lN0 t1NO

T~ 059

4344N8

_._ J, J _H H_ _._ _._ d J J Wzma-so& i 000™010H euBis
SE\M e e B e I I o B T Hﬁﬁ peo|
Sayaims 10jopdeg 1o15pdug
10188 r pugaeg )i
puodag ©08.
, SOYIIMS
._HLr ¢ _ c.\|_1 Hlc AL Jo 18g 18414
8 J v 8 J fledhy v 8 v 8 «h v g hv g h v
_.‘ 2 o} Jo} 3 oq_ 8 9pON q05¢L
o 1o o .
=5 =5 % 2= —0 éw
Y 9poN 805¢
@ O ol o8 3
/ s Vo ™. e
© —0 — o} o— O év
-\ |ge
S Jpe
& < Jge
A jce
—o— <JIE
\\V <, om
1]
2= .
4 %00(9 Buydwes
—6—o _.._Hm jeubis ejqeue
B20L 39VY1S

SUBSTITUTE SHEET (RULE 26)

9963513A2_IA>

BNSDOCID: <WO,



CORRECTED
VERSION*

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(22) International Filing Date: 4 June 1999 (04.06.99)

(30) Priority Data: :
60/088,128 4 June 1998 (04.06.98) uUs

(71) Applicant: SILICON IMAGE, INC. [US/US); 10131 Bubb
Road, Cupertino, CA 95014 (US).

(72) Inventor: KIM, Eun-Gu; Apartment #278, 20975 Valley Green
Drive, Cupertino, CA 95014 (US).

(74) Agents: CARR, John, R. et al.; Fenwick & West LLP, Two
Palo Alto Square, Palo Alto, CA 94306 (US).

Published

With international search report.

Before the expiration of the time limit for amending the claims
and to be republished in the event of the receipt of amendments.

(88) Date of publication of the international search report:

(51) International Patent Classification 6 : (11) International Publication Number: WO 99/63513
A3

GO9G 3/36 : (43) International Publication Date: 9 December 1999 (09.12.99)

(21) International Application Number: . PCT/US99/12653 | (81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,

BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB,
GD, GE, GH. GM, HR, HU, ID, IL, IN, 1S, JP, KE, KG,
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE. SG, SI,
SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZA, W,
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG,
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI,
FR, GB, GR, IE, IT, LU, MC, NL, PT; SE), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE,
SN, TD, TG).

4 May 2000 (04.05.00)

(57) Abstract

(54) Title: DISPLAY MODULE DRIVING SYSTEM COMPRISING DIGITAL TO ANALOG CONVERTERS

Dedicated Bus Line 325h

A display module
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pixel data for a complete
image row is divided into
segments, wherein the
number of segments is each
to the number of column
drivers. Each segment is then
serialized and  transmitted
to a corresponding column
driver such that the digital
pixel dawa for an entire row
is transferred to each of the
plurality of column drivers at
the same time. The column

st

Analog Voltages Output from Calumn DOrivers to Column Elacmi)daa
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driving system wherein digital Timing Contrafter

pixel data for an image to 300 Dadicated Bus Lins 3250
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ACTIVE MATRIX LCD DISPLAY
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drivers receive the segments
and rearrange the data into

electrodes of the display.

parallel. The pixels are then transferred to a digital to analog converter, preferably two pixels at a time, where each pixel is converted into
analog red, green and blue signals. An analog sample and hold module samples each analog signal for all of the pixels in a given row of
the display and stores the signals in first capacitors of a plurality of sample and hold capacitor pairs. The sample and hold capacitor pairs
allow analog signals to be sampled and held on a row by row basis such that when one capacitor in each pair stores one of the analog red,
green and blue voltages for a subsequent row, the other capacitor transfers the analog voltage signal out for a current row to the column
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